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FATIGUE CURVE APPROXIMATION USING THE DANIELS’ SEQUENCE 

AND MARKOV CHAIN 

V. Cimanis, Doctoral Candidate 
Y. Paramonov, Doctor of Technical sciences, Full Professor 
Riga Technical University, Latvia 

The possibility of using the model based on the Daniels’ sequence and the Markov chain theory for approximation of S-N fatigue curve 
of composite material is studied. The model allows to see the connection between static strength distribution parameters and parameter of S-N 
fatigue curve. Although the model is too simple and does not provide numerical coincidence with experimental fatigue test data, but it can explain 
existence of fatigue limit and can be used as the nonlinear regression model of S-N fatigue curve with and without the fatigue limit. Using this 
model we can predict changes in the fatigue curve as a consequence of changes in the static strength parameter. Numerical example is given. 
Keywords: strength, fatigue life, Markov chain, Daniels’ sequence. 
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I ntroduction. Every year the use 
of composite materials in aircraft 
building is increasing. In order to ensure 
the reliability of flight we should study 
the phenomenon of fatigue of this 
material. A lot of papers and books 
are devoted to this problem (see for 
example [1]). One of the main 
quantitative characteristics of this 
phenomenon is the fatigue curve. There 
are many approaches to its description. 
For example, the WeibulF equation is used 
very often: S -S_ x = C(N + B )~ a , where 
S_ 1? C, B, and a are some parameters, 
S is the stress amplitude and N is the 
corresponding average number of cycles. 
Seven equations of the quantile fatigue 
curve are given in [2]. Parameters of 
these and similar equations have no 
connections with the parameters of 
cumulative distribution function (cdf) 
of tensile strength of composite material 
component. Our paper is devoted manly 
to development of some idea already 


studied in [3,4]: to find the connection of 
tensile strength distribution parameters 
and parameters of fatigue curve, S-N, 
for unidirectional composite using 
the model, based on the Markov chain 
theory, with state space defined by the 
Daniels’ sequence [3]. The successful 
fitting of experimental fatigue curves can 
be considered as a proof of “likelihood” 
of the studied model. 

Daniels’ sequence model. In 
Daniels’ papers [5, 6], a relationship 
between the distribution functions 
of fiber strength and strength of an 
aggregate of parallel fibers at a uniform 
distribution of load between them was 
determined. “Developing” this model 
in time, we come to a sequence of 
local stresses which are 

called the Daniels’ sequence (DS) [3]: 
s i+l = S / (1 - Ffa )), i = 1,2,..., where 
s 0 = S iis the initial rated stress in the 
undamaged specimen, F(s) is the cdf of 
tensile strength. DS can be considered as 


a sequence of stresses in the cross section, 
where the failure proceeds, during 
fatigue loading at the constant mode of 
loading. It has the following specific 
feature. If initial stress, S , is over some 
value (DS-fatigue-limit (DSFLm)), then 
stress-sequence will grow up to infinity. 
DSFLm is defined as the maximum value 
of S for which there is a solution of 
equation s = S / (1 - F(x)) . This value is 
equal to S D = maxx(l-F(x)) . Growth of 
local stress corresponds to the decrease 
of local cross section. Let us define 
that the failure of specimen takes place 
if local cross section area goes below 
some value of p c (initial cross section 
area is equal to one). Then critical local 
stress corresponding to this event, S* UT , 
is defined from the equation 
F s (S UT ) = 1 - p c . The number 

N = k m max {i : s t <S* UT }, where k m 
is some scale coefficient, can be called 
the Daniels’ fatigue life (DSFLf) at 
the stress S. 




Fig.l. Daniels’ sequence of local stresses (a) and the corresponding D-fatigue curve for S =323.7, 309.7 and 290.1 MPa (b) 

for for k s =1.6, k m =1 , p c = 0.1, S UT =494 MPa. 
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Fig. 2. Fatigue test data (+) and Markov model mean fatigue curve for k s =1.6 
and k m =12.2847; simbols (► ◄) show two standard deviation intervals. 


Here we consider the data of fatigue 
testing of carbon-fiber composite [7]. 
In accordance with [7] it was supposed 
that tensile strength of carbon fiber 
strands has cdf of lognormal distribution, 
F s (x) = O((log(x)-6> 0 )/6» 1 ), where 
®(.) is cdf of standard normal 
distribution, with the parameters 
<9 0 = 6.44 and G x = 0.1816. These 
carbon fiber strands are longitudinal 
items of specimens used for the 
fatigue test. But if we try to calculate 
DS for the corresponding maximum 
cycle stresses: (S X ,S 2 ,S 3 ) = 

= (323.7 309.7 290.1) we will see that 
these stresses are under DSFLm, which 
is equal in this case to 446.85 MPa. 
Corresponding DSFLfs are equal to 
infinity! 

So in the framework of the DS-model 
using the cdf of strength of strands, the 
failure of specimens can be explained only 
by existence of significant local stress 
concentration. Results of calculations of 
the DSs for the same set of initial stress 
(S X ,S 2 ,S 3 ) taking into account the stress 
concentration coefficient, k s = 1.6, are 
given in Fig. 2a. In order to illustrate the 
explanation by the DS-model of existence 
of the limit fatigue life phenomenon, the 
results of calculation for S = 270 MPa 
are given as well. In the last case the 
DSFLf is equal to infinity. 

In Fig. la we see that the DFLf 
(the order number of DS up to failure 
of specimen) for k m = 1 is very small: 
3,4,7. So although the DS allows to make 
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quality explanation of fatigue failure of 
the material, as well as the phenomenon 
of fatigue limit, but the quantity 
prediction is very poor. And it does not 
explain the scatter of fatigue life. But the 
possibility to explain the phenomenon of 
fatigue limit is very attractive. So next 
we will study the model based on the 
theory of Markov chain with the space of 
states based on DS. 

Simple Markov chain model. 
We consider to be the Markov 
chain the one, the first r states of 
which are related with items of the 
Daniels’ sequence {s 0 ,s l ,...,s r _ l } , 
(r + l)-th is the absorbing state (local 
stress is equal or more than s ^ T ) • We 
assume that the only transitions to the 
nearest ‘senior’ states can take place, 
and we have the following matrix of 
transition probabilities: 

q i P\ o ••• o 

0 q 2 p 2 0 0 

0 0 q } Pi 0 0 


0 ••• 001 
The main characteristics of 
this type of Markov chain are well 
known. Time to failure (time to 
absorption) T=X / +X 2 +. . . +X r , where 
X. ((time the process spends in i-th 
state), i = l,...,r, are independent 

random variables. Random variable 
X. has geometric distribution with 
the probability mass function of 


P(X i =n) = (l- Pi r 1 Pi , i = 1,2,... 

Expectation value and variance are equal to 
E{X ) = 1 /p, and V(X, ) = (l-p, )/pf . 
Probability generating function 

for random variable T is equal to 

GV(z) = X/>7-0y = f 1 7 — 7T — T- The 

cumulative distribution function of the 
number of steps up to the specimen 
failure (number of steps of Markov chain 
up to absorption in the absorbing state), 
T A , is defined by the equation 
F Ta (t,S,?j) = nP t b , t = 1,2,3,.... , 

where the row vector is n- 
= (1,0,...,0), the b is column vector 
(0, ... 0,1)'. All these formulas are well 
known. A new step which we offer to 
do is the following: 1) the connection of 
probabilities p ? i= l,...,r, with parameter 
of composite material component 
strength distribution and parameters 
of cycles of fatigue loading and 2) the 
connection of Markov chain state space 
with the DS. 

In what follows, loading by a pulsing 
cycle is assumed for definiteness; S is 
the maximum (nominal) stress of the 
cycle, and rj is the vector-parameter 
(its components are parameters of the 
distribution functions of strength,...). It 
is assumed that one step of the Markov 
chain in general case corresponds to k M 
cycles (the k M is also a component of 
the vector rj). Then fatigue life (the fatigue 
cycle number up to the specimen failure), 
T, is equal to k m T A . The p-quantile fatigue 
curve which defines the fatigue life t ( S ) 
(the number of cycles) corresponding to 
the probability of failure p under an initial 
normal stress S and the corresponding 
mean fatigue curve are defined 
by equations t p (S) = k m F P ' (p; S,rj), 

E(T{S)) = £tdF Tj (t;S,tj). By fitting 

the experimental data we can get the 
estimate of the parameter rj (first of all, 
the values k m and k s ), by using either 
the nonlinear method of least squares or 
the method of maximum likelihood. 

In Fig. 2 we see the example of 
fitting of the data of [7] using the Markov 
chain model and the same cdf of tensile 
strength of strands as in the example in 
the Fig.l, additionally assuming that 
k s = 1.6 and k m =12.2847. The items 
of matrix P are defined in the following 
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way: p, = 4>((log(S)-0 o )/0 1 ); s 2 = 57(1 -/>,); 
Pic ~ ®((log( s i ) - ^0 ) / ^1 ) > *i + l =SI(l~P ic ), 
Pi ~ (Pic - P(i- l)c ) / 0 - P(i-\)c ) , i = 1, 2, . .. , r . 

Conclusion 

The use of the Daniels’ sequence 
and the cdf of strength of longitudinal 
items (strands) allows to explain 
the existence of fatigue limit, but its 
value is too high, and fatigue failure 
under loading at stress level lower 
than its value can be explained by 
the local stress concentration (or local 
decreasing of strength). But in this case 
“predicted DS-fatigue life” is too small. 
Reasonable fitting of fatigue testing data 
of carbon-fiber composite specimen was 
obtained using the Markov chain model 
with states of space based on the Daniels’ 
sequence, taking into account the local 
stress concentration and a certain scale 
factor. Although the model is too simple 
and does not provide too precise numerical 
coincidence with experimental fatigue test 
data, it can explain existence of fatigue 
limit, and it can be used as the nonlinear 
regression model of S-N fatigue curve with 
and without the fatigue limit. Using this 
model we can try to predict changes in the 


fatigue curve as a consequence of tensile 
strength parameter changes. 
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P.A. REHBINDER EFFECT IN PLAIN 
BEARINGS OF TRANSPORT DIESELS 


N.L. Marina, Candidate of Technical sciences, 
Associate Professor 

I.O. Kudasheva, Candidate of Technical sciences, 
Associate Professor 

Balakovo Institute of Technics, Technology and Management, 
Russia 

In article the problem of increase of bearing ability and operational 
reliability of the bearing of sliding of the combined forced diesel engine 
by decrease in dynamics shock stresses an oil layer (P.A. Rebindera’s 
effect) application of the surface-active substances, put on earned extra 
a covering of the loose leaf from the working party is considered and 
solved. 

Keywords: plastic deformation, oil film, hydrodynamic 
fluctuations, amplification factor, anti-friction film, connecting-rod 
bearing. 
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300EKT n.A. PF.KHH7TF.PA B 
nO/tnmriHHKAX CKOJIEaCEHHR 
TPAHCnOPTHbIX AH3EJIEH 

MapbHHa H.JL, KaHa. TexH. HayK, aoijeHT 
KyaameBa H.O., KaHa. tcxh. HayK, aoaeHT 
EanaKOBCKHH HHCTHTyT TexHHKH, TexHOJiorHH h ynpaBjieHmi, 

Poeemi 


B CTaTte paccMOTpeHa n pemeHa 3aaana noBtimeHHH Hecymeii 
enocodHOCTH n OKcnjiyarauHOHHOH HaaeacHOCTH noaninnHHKa ckojib- 
^ceHHH KOM 6 nHHpOBaHHoro (JtopcHpoBaHHoro au 3 ejia CHH^ceHneM j\w- 
HaMHKH yaapHoro Harpy^ceHna MacnaHoro cnoa (o^eKT n.A. PednH- 
aepa) npHMeHeHneM noBepxHOCTHO-aKTHBHtix BemecTB, HaHeceHHoro 
Ha npHpa 6 oTOHHoe noKptrrae BKJiaatima c pa 6 ouen CTOpOHti. 

KjuoueBbie cjioea: njiacTnuecKoe aeifopMupoBaHne, Macjumaa 
nneHKa, rnapoanHaMnuecKHe KOJiedaHHa, koo^^huhcht auHaMHHHO- 
cth, aHTHcjtpHKUHOHHaa nneHKa, inaryHHBiH noaninnHHK. 

Y HaCTHHKH KOH(f)epeHLI,HH 
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Phc. 1 . flioejib - reHepaTop J^T P 500/1500 
c pnanbiM KOMflHHHpoBaHHbiM aH 3 ejieM 6 HH 21/21 


m aiyHHbm noamHnHHK ueTtipex- 
TaKTHOTO BBICOKO(J)OpCHpOBaHHOrO 
aH3ena (pHC. 1-2) Harpy^KaeTca 3HaKonepe- 
MeHHOH Haipy3KOH OT CHJI HHepUHH H CHJI 
aaBjieHua ra30B. BeneacTBHe Majioh Ha- 
rp}OKeHHOCTH B036y5KaaK>IUHX CHJI B aH3e- 
jiax e onopaMH CKOJitJKeHHa, noaBepnceH- 
hbix KOJiedarejibHOMy npoueeey, peajibHbie 
3aKOHOMepHOCTH 06pa30BaHHH KOJiedaHHH 
b MaejiaHOM ejioe maTyHHoro noamnnHu- 
Ka He BCKpbiTti h hx (J)H3HHecKaa npupoaa 
He odtacHeHa. KojiedaTejitHtie aBjieHHa, 
npOHCxoa^mHe b MacjiHHOM ejioe maTyH- 
Horo noamnnHUKa b momcht yaapHoro 
npHji05KeHHH anHaMHuecKOH Harpy3KH, 
Hpe3BbIHaHHO CJI05KHBI H HeaOCTaTOHHO H3- 
yueHti, hto6bi b HacToamee BpeMa hm aaTt 
npaBHjibHoe (jjH3HuecKoe TOJiKOBaHHe. 

IIOMHMO 3aBHCHMOCTH THapOaHHa- 
mhkh MaejiaHoro ejioa ot reoMerpHue- 
ckhx napaMerpOB noamnnHUKOB h otho- 
CHTeJIBHOrO 3KCUeHTpHCHTeTa aoKa3aHO 

[1-2], [3], hto KOJiedaTejibHbiH npouece 
b MaejiaHOM ejioe noamnnHUKa enoeod- 
CTByeT KaBHT aifHOHHBiM aBjieHHaM: b CMa- 
30 hhom ejioe Bceraa coaepacartca napo- 
Bbie h napora30Btie ny3bipBKH. Ilonaaaa b 
30Hy BbICOKHX THapOaHHaMHHeCKHX KOJie- 
6aHHH MaejiaHoro ejioa, ny3biptKH, yHHH- 
TOJKaaet, 3HauHTejiBHO eoKpamaiOTca b 
odueMe hjih 3axjiom>iBaiOTca, noaBepraa 
noBepxHO ctb BKjiaabima yaapaM dojitmoii 
HHTeHCHBHOCTH h BBBbiBaa njiacTHnecKHe 
aecjjopMauHH, cTpyKiypHbie h (J)a30BBie 
H3MeHeHHa b aHTHcjipHKHHOHHOM ejioe, 
hto, b KOHenHOM HTore, enoeodcTByeT 
ycTajiocTHOMy patpyiiiCHHK) noamunHu- 

6 


KOB. Ha HHTeHCHBHOCTB KaBHTaifHOHHEIX 
aBjieHHH b MaejiaHOM ejioe OKa3bmaeT 
BjinaHHe HarpyaceHHOCTt noaniHnHHKOBO- 
ro y3Jia h aH3ejia b uejiOM, b tom HHCJie ero 
(JjopcHpoBKa no napaMeTpaM TepMoaHHa- 
MHHeCKOrO HHKJia. 

ou,eHKH B3aHMoaeiiCTBHa h B3a- 
HMOBJIHUHHH aHHaMHKH Harpy^KCHHH 
KpHBomHnHO-maTyHHoro MexaHH3Ma 
(KIHM) h map oanHaMHHe ckhx KOJieda- 
hhh b MaejiaHOM ejioe maTyHHoro noa- 
mHnHHKa ijejiecoodpa3HO paecMOTpeTt 
rjiaBHbiH (jjaKTOp B03dy5KaeHHn - ra30- 
Bbie chjiei F . npH padoTe aH3ejia KIHM 
Kax KOJiedaTejibHaa encTeMa Hcm>m>iBa- 


eT yaapHBie Harpy3KH, B03HHKaiomHe 
npn HHTeHCHBHOM BbiaejieHHH TenjIOBOH 
3HepmH ot MHoroonaroBoro eaMOBoe- 
njiaMeHeHHa TonjiHBa b npoaecee eropa- 
HHa, B03aeiiCTBHe KOTOptix Ha nopmeHb 
hocht HMnyjiBCHBiH xapaKTep 1 (pHC. 3). 

Mepoii noejieaHero aBjiaeTca yaap- 
Han cnjia, xapaKTepH3yeMaa ko3(])(|)hijh- 
eHTOM aHHaMHHHOCTH Ka h onpeaejra- 
eMan 3aBHCHMOCTbio Ka=l+d/D. 3kc- 
nepHMeHTajiBHBie 3HaneHHa Ka aJ ia 
KIHM aH3ejia 6HH21/21 eomacHO 
pne.3 eocTaBjiaeT 1,2. BejiHHHHa Ka 3a- 

BHCHT OT KOHCTpyKTHBHBIX napaMCTpOB 
KIHM, pe)KHMi>i padoTbi aBHraTejia, ot 
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Phc. 2. HcnbiTaTejibHbiii CTeH/j Ha 6 a 3 e 6HH21/21 



Phc. 3. TopcHorpaMMa /jHHaMHKH HarpyaceHHH KIIIM h rnapoaHHaMHHecKHx 
KOJieSaHHH b MacjiHHOM cjioe uiaTyHHoro noAumnHHKa 


Ta6ji. 1. 


Pmax, Mila 

12,26 

10,1 

8,34 

K max, Mlla/pa# nKB 

32,1 

16,7 

6,46 


xapaKTepa npoTeKamra (J)a3bi ot Hanajia 
BH^HMoro cropaHHfl #o MaKCHMajibHoro 
^aBjieHHa immia, ot npOAOJHKHTejiBHOCTH 
3a^ep5KeK BoenjiaMeHemra, ot KOJinnecTBa 
no^aHHoro ToruiHBa b nepBOH (j)a3e h xa- 
paKTepa no^anH TonjiHBa b nepHOjj pe3KO- 
ro HapacTarom /jaBjieHira h t.^. 

Pe3yjibTaTbi HCCJie^OBaHHH noKa3Bi- 
BaiOT, hto b npoijeeee cropaHHa noTjiHBa 
y^apHaa cnjia, B03HHKaa CKanKoo6pa3 - 
ho (pHC. 3 a, 6), npHjio)KeHa k othcboh 
noBepxHOCTH nopniHa, HanpaBjieHa no 
ocn nnjiHHApa n xapaKTepHa bto- 
poro ynpaBjiaeMoro nepno^a npoijeeea 
cropaHHa TonjiHBa. YzjapHaa cnjia onpe- 
aejiaeT AHHaMHKy npoaecca cropaHHa 

C TOHKH 3peHKH BeJIHHHHBI /I,eHCTByK)- 
hjhx chji n He ynacTByeT b nepeKjia^Ke 
nOpHIHJL 

Cnei^n(J)HHecKOH (j)opMon eymecTBO- 
BaHna ra30Bbix chji hbjbhotch ra30j3HHa- 
MHHecKne KOJie6aHH5i, OTpa>xaioiHHe hh- 
TeHCHBHOCTb Ta30BBIX CHJI. AMIUIHTyiJbl 
ra30AHHaMHHeCKHX KOJie6aHHH 3aBHC5IT OT 
MaKCHMaJIbHOH CKOpOCTH HapaCTaHHtf AaB- 
jieHira Kmax, ^HHaMHKH TenjiOBBiaejieHira 
b MOMeHT HeynpaBjiaeMoro nepnoaa ero- 
paHini TonjiHBa h conpOBO^aiOT npoijecc 
cropaHHn Ha Bcex ero CTa^nax. 3HaneHHa 
Kmax rim ^H3ejien THna HH 21 / 21 , onpe- 
^ejiaeMtie H3 HHaHKaropHBix ^narpaMM 
pa6onero nponecca (pnc. 4) kslk TaHreHC 
yma HamioHa KacarejiBHOH k och aGcipicc, 
npHBejieHBi b TaOjnnje 1 . 

Bo3MymaiomHe ra30BBie chjibi 
F(t), co3^aBaeMBie HMnyjiBCHBiM xa- 
paKTepOM yaapHoii Harpy3KH h ra- 
30AHHaMHHeCKHMH KOJieGaHHUMH, 

BBI3BIBaiOT B KIIIM BBIHy}K^eHHBie 
KOJieOamra 1 (pne.3). 

CncTeMa nopmeHB - KIIIM H3-3a 
CBoeii HHepiiHOHHOCTH He cnoco6Ha 
cjie^HTB 3a H3MeHeHHeM /jaBjieHHn ra- 

30B B I^HJIHH^pe £H3eJM npH CTOpaHHH 
TonjiHBa. IIooTOMy b HanajiBHBie nepnoa 
^BH5KeHH^ (npn tojihkc) ot KOHija noaa- 
HH TonjiHBa B I^HJIHH^pe B TBKTe C5KaTH5I 
ao Hanajia khtchchehoto cropaHHa (b 
MOM eHT HeynpaBjiaeMoro nepnoaa ero- 
paHHn TonjiHBa, BnpBiCHyToro 3a nepn- 
oa 3a^ep)KKH caMOBoenjiaMeHeHHa) b 
KIIIM B03HHKai0T co6cTBeHHBie 3aryxa- 
loiane KOJieOamra 2 (pnc. 3). 

npn 3HaKonepeMeHHOM Harpy>KeHHH 
KIIIM CHjiaMH ^aBjieHHn ra30 B h enjiaMH 
HHepoHH 3a hhkji Harpy)KeHH5i maTyHHaa 
meHKa KOJieHnaToro Bajia coBepmaeT m- 
HaMHnecKoe ^BiHKeHHe no cjiojkhoh Tpa- 


eKTOpHH (pnc. 5), xapaKTepH3yiomeHC5i 
3a^aHHBIMH Harpy3KaMH, OTHO CHTeJIBHBIM 
3a30p0M, BH3KOCTBIO CMa3KH, TH^pOAHHa- 
MHHeCKHMH XapaKTepHCTHKaMH, OCHOB- 
HOH H3 KOTOpBIX HBJIHeTCH MHHHMaJIBHaa 
TOJimHHa CMa3KH h min. npHMemieMBie b 
HacToamee Bpern MeroaBi paeneTa rnapo- 
AHHaMHKH MaCJMHOrO CJI05I nO^HIHnHHKOB 
CKOJIB5KCHH5I He yHHTBIBaiOT /JHHaMHH- 
HOCTH npHJI05KeHHa Harpy3KH H 3aKOHa 
^BH5KeHiM aempa rneiiKH KOJieHnaToro 
Bajia 3a hhkji. npH otom ^HHaMnnecKan 
3a^aHa cbo^htbc^ k KBa3HCTaTHne ckoh H3- 


3a TOTO, HTO B KJiaCCHHeCKOH THJIpOJIHHa- 
MHHeCKOH TeOpHH CMa3KH CTeneHB JJHHa- 
MHHHOCTH npHJI05KeHH5I Haipy3KH 06 BIHHO 
He paecMaTpHBaeTca [1]. IIpHHHMaa bo 
BHHMaHHe CKa3aHHOe, MHHHMaJIBHyiO J3H- 
HaMHne eicy K) TOJimmiy MaejiaHoro cjioh b 
nOAHIHnHHKe CKOJIB5KeHHH OH,eHHBaiOT 3a- 
BHCHMO CTBIO 

h min=K^ hmin CTaT, 

r^e K^ - K03(})(|)HIJHeHT ^HHaMHH- 
hocth Harpy3KH; h min CTar - KBa3HCTa- 
THHeCKaH COCTaBJHHOmaH MHHHMaJIBHOH 
TOJIHUHHBI MaCJiaHOTO CJIOa. 
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Phc. 4. HH^HKaTopHbie AHarpaMMbi ^aejieHHfl ra 30 B 
b pHjiHHApe AH3ejia 6HH 21/21 



Phc. 5. ^HHaMnnecKoe #BH5KeHHe coBepmaeMoe maTyHHoii meiiKOH 
KOJieHnaToro Bajia npn 3HaKonepeMeHHOM HarpyaceHHH KIIIM cnjiaMH 
AaBJieHHH ra30B h CHjiaMH iiHcpumi 3a uhkji HarpyaceHHH 
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A rtistic material processing 
technologies in some cases differ 
significantly from those used in general 
engineering. The differences are caused 
by different requirements for the 
technological processes for conventional 
and artistic treatment. When we are talking 
about artistic processing of materials, to 
the forefront comes the need to provide 
a set of aesthetic qualities of the project 
manufactured. When manufacturing 
traditional products, the crucial role played 
by such indicators as accuracy of the 
process, quality and product formation. 
The aesthetic qualities of art products are 
classified into four groups: information 
expressiveness, compositional integrity, 
decorative quality, perfection of execution. 
Within each group there are several specific 
indicators identified by the expert. Thus, 
the group “information expressiveness” 
includes such indicators as the originality 
of personal artistic intent, expressiveness 
of the style, compliance with the fashion 
story, compliance with the form, ergonomic 
requirements. The “compositional 
integrity” group includes such indicators 
as tectonics of shape, harmony, flexibility, 
as well as ordered graphics and visual 
elements. The “decorative quality” group 
includes such parameters as colour, tone, 
texture, and pattern. The “perfection of 
execution” group includes accuracy of 
the entire product, the clarity of execution 
paths, the purity of the execution of relief, 
resistance to external damage and adverse 
effects. 

Analysis of the experience of many 
companies has shown that this aesthetic 
quality of products can be successfully 
achieved using the following advanced 
technologies: laser engraving, forming 
under super plastic conditions, polished 
nanodiamonds, the use of nanomaterials 
in the process of manufacturing. 

Modem laser engraving system 


can form not only relief or pattern on 
the processed surfaces, but also create 
color schemes due to formation of 
surface oxide films as a result of high- 
temperature reactions. Change of the 
laser irradiation regime can affect the 
quality of treatment by cooling on the 
formed image and the performance of the 
process of course. Russian companies 
produce highly precise laser equipment 
able to improve the artistic decoration 
of metal surfaces greatly. The equipment 
has fairly extensive changes in the 
specific area of the irradiation power, 
where the melting of the surface layer 
occurs (which provides a diverse colour 
palette). The equipment is fitted with 
solid-state systems, pumping energy 
of the fibre laser oscillator, which is 
located in the scanning head. This allows 
obtaining even in-depth high quality 
images on metals with high thermal 
conductivity. 

In future the technology of laser 
engraving on the pre-coated steel should 
be recognized. It is shown that the 
velocity of the laser beam at 40 mm/sec 
with the modulation frequency ranging 
from 2 to 6 kHz and a current of at 
least 32A provides complete removal 
of the nickel coating thickness up to 
8 microns. Further deposition of the 
oxide coating leads to achieving a rich 
black background image. The acceptable 
height of asperities of the laser-treated 
surface is 20 microns. It is achieved at 
the speed of the beam over 10 mm/sec. 
Clarity of line drawing reproduced is 
provided at the laser beam diameter not 
more than 0.03-0.05 mm. 

When you clone the usual standard 
parts, the bulk of the work piece is 
usually processed in conditions of super- 
plasticity. When artistic processing of 
materials takes place, super plasticity 
should be used in stamping. The essence 


of the technology lies in the gradual 
heating of the thin-walled parts with fine- 
grained structure to the manifestation of 
the super-plasticity effect (for example, 
brass up to 500-700 digress Celsius), 
and subsequent deformation in the 
form of a matrix by the pressure of 
compressed gas (0.5-2 MPa). Super- 
plasticity deformation can create 
complex highly artistic topography 
with the relatively simple processing 
equipment. The technological process 
provides for the isolation of the product 
design, especially hard-relief elements 
requiring the pressure and deformation 
most of the time. The duration of the 
process of superplastic forming of a 
complex artistic terrain can take up to 
60 minutes; formation takes place at 
a pressure of up to 1.25 MPa. If these 
modes are increased, this may lead to 
disappearance of the super-plasticity 
effect due to structural transformations 
in the deformed metals. 

This technology can form highly 
artistic terrain relief elements with 
thinning to 0.2 mm, as well as elements 
with angular sizes ranging from 
10 to 120 digress. Traditional stamping 
is often unable to provide similar image 
quality moulding. 

When forming the artistic profile 
of the high-alloy steels in conditions 
when the effect of super-plasticity is 
difficult to achieve or impossible, we can 
recommend such advanced technology 
as hydro-pulse stamping. 

Polishing is one of the leading 
technologies in the processes of artistic 
processing of materials, as it provides not 
only the desired surface roughness, but 
also the aesthetic characteristics, such as 
glare, reflectivity, opacity, susceptibility 
to decorative coatings. Polishing can open 
or conceal the texture of the material, 
depending on the designer’s plan. 
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Traditional polishing technologies, 
used in general engineering, are ineffective 
in relation to the art products. Innovative 
solution is to use the polishing compositions 
of nanocarbon diamonds (among the 
leaders in nanomaterials). Nanodiamod 
charge is the primary product of detonation 
synthesis and is a homogeneous black 
powder. The absorption coefficient is 
99% of the blackbody. The content of 
nanodiamonds in the charge is 30-60%, 
specific surface - 400^500 m 2 /g. Bulk 
density is 0.4-KX6 g/sm 3 . The average 
size of single crystals is 120M40 nm. The 
particle charge is negative. Starting air 
temperature of oxidation - 350°C. 

Nanodiamond particles are aggregated 
into complex structures, the magnitude 
of which depends on the methods of 
preparation and polishing compound of 
the composition of the dispersion medium. 
Nanodiamonds have a strong structuring 
effect on the polishing composition in 
an amount of 0.R0.3%. The complex 
structure of nanodiamonds promotes 
effective dissipation of local stress arising 
from the strains and stresses in the surface 
layer. For optimization of processing and 
polishing of material the alignment of the 
relief is observed in all cases. At the same 
time highly aesthetic mirror surface of 
different levels of glare and without micro- 
defects is formed. 


The advantages of nanodiamond 
polishing are vital, as they cover 
relatively high cost of nanomaterials. 

Preservation of art and decorative 
relief images on the metal surface is a 
responsible procedure. Traditionally, the 
hydrophobizing layer was applied in order 
to ensure the protection of the outer surface 
of the artistic product. This technology is 
unreliable due to the short time needed 
for the protective layer to crock. Peeling 
of the protective layer after cracking 
causes additional damage to the aesthetic 
qualities of the surface. The solution is 
to use ultrathin films of nanomaterials on 
the basis of water-soluble polymers as 
protective coating. The stabilizing effect 
of such coatings is based on the fact, 
that nanomaterial acts as a scavenger of 
free radicals, and thereby interrupts the 
processes of oxidation and degradation of 
the surface material of artistic products. 
Studies have shown that such a mechanism 
of action of the hyperfine nonocoating 
does not require preservation of its full 
integrity. Even in the presence of cracks 
and uncovered areas of the surface 
properties of nano-safety are maintained. 
The described technology is especially 
effective for protection of monuments, 
sculptures and antiques. 

In summary, we would like to 
conclude that the considered innovative 


technology, based on laser engraving, 
super-plasticity effects and the use of 
nanomaterials, is very promising and can 
be recommended for widespread use in 
the artistic treatment of materials. 
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CHCTEMAX U,EHTPAJIH30BAHH0r0 
TEnJIO CH AEJKEHHH 

)KyKOB A-B., concKarejib 

Omckhh rocyaapCTBeHHbin yHHBepcuTeT nyTen coo6meHHH, 
Poccna 

B CTaTbe paccMaTpHBaeTca MaTeMarauecKafl Moment TennoBoro 
pe^cHMa OTanjiHBaeMbix 3aaHnn. IloKa3aHbi ocHOBHbie npHHitnnbi on- 
THMajibHoro ynpaBjieHHH TennoBbiMH n runpaBjinuecKHMH poKHMaivm 
b cncTeMax ueHTpajiH30BaHHoro TenjiocHad/KeHiw. npeaJioaceHa mcto- 
a,HKa pa3pa6oTKH nncneTuepcKoro rpatjunca TennoBbix Harpy30K. 
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C ncTeMa u,eHTpajiH30BaHHoro Temio- 
CHa6)iceHHfl (CU,T) npe^CTaBjiaeT 
co6on KOMnjieKC pa3JinuHbix coopy)Ke- 
HHH, yCTaHOBOK H yCTpOHCTB, TCXHOJIO- 
THHeCKH CB^3aHHbIX H B 3 aHMO£eHCTBy- 

iohjhx MOK^y co6oh b o 6 meM npoijeeee 
npOH 3 BOACTBa, TpaHcnopTa, pacnpe^e- 
nemoi h noTpeOjieHHa TenjiOBon 3 Hep- 
rnn. Ka^bin ojicmcht otoh cjio)khoh 
CHCTeMBI IIBJHieTCII nO^CHCTCMOH CO 
CBOHMH 3 aKOHOMepHOCT 5 IMH (JiyHKIJHO- 
HHpOBaHHa H BHyTpeHHHMH B 3 aHMO£CH- 
CTBnaMH. AencTByiomne KpynHbie CIJ,T 
XapaKTepH 3 yiOTC 5 t CTOXaCTHHHOCTBIO 
npaKTunecKH Bcex sjicmchtob, 3 Haun- 
TejibHon paccpe^OTOHCHHOCTbio Tenno- 
noTpe6ji5nomnx yCTaHOBOK, pa3HOpO£- 
hoctbk) CTpyKTypbi TenjiOBOH Harpy 3 KH, 
pa 3 JIHHHOH CTeneHbK) aBTOMaTH 3 aiI,HH, 
nepeMeHHOCTb n Heonpe^ejieHHOCTBio 
BHemHHX H BHyTpeHHHX B 03 MymaK>mHX 
B 03 £eHCTBHH, CJI 05 KHOCTBIO TH^paB- 
JIHHeCKHX pOKHMOB H T.fl. [1, 2, 3], a 
Taioice bo3mo)khoctbk) peryjiHpOBaHHe 
Ha pa 3 HBix ypOBH^x. no MecTy peryjm- 
pOBaHHa pa 3 JiHnaiOTC^: ijempajiBHoe, 
rpynnoBoe, MecTHoe, no 30 HHoe, hh/jh- 
BH^yajiBHoe. B Oojibiuhhctbc ropo^OB 
b HacToamee BpeMa ochobhbim, a 3 ana- 

CTyiO H e^HHCTBeHHBIM BH£OM, IIBJHieTCII 
i^eHTpajiBHoe peryjmpOBaHHe. B HacTO- 
mijee BpeMa OTcyTCTByiOT neTKHe mcto- 
flHKH hjih peKOMeHaaunu ompejxejiemin 
Tpe6yeMBix napaMeTpoB TenjioHOCHTejni 
(TeMnepaTypa, ^aBneHHe) h pa3pa6oTKH 
AHcneTuepCKoro rpatjmica ijeHTpajiBHO- 
ro peryjiHpOBaHH5t OTnycxa TenjiOBOH 


OHeprHH, no3TOMy peryjiHpOBaHHe ocy- 
meCTBJiaeTC^ B OCHOBHOM OnBITOM H HH- 
TyHipien AHcneTnepa. 

B COOTBeTCTBHH C OCHOBHBIMH Ha- 
npaBjieHnaMH pa3BHTHH Tenno- h 3Jieic- 
Tp03HepreTHKH no^KjnoneHHe hobbix h 
cynjecTByiomHx TenjionoTpeOjunomHx 
chctcm npe^nojiaraeTca tojibko c noMO- 
HJBIO aBTOMaTH3HpOBaHHBIX TenjIOBBIX 
nyHKTOB C HCnOJIB30BaHHeM aBTOMaTH- 
kh, npe^ycMaTpHBaiomeH kojihhcctbch- 
HO-KanecTBeHHoe peryjmpOBaHHe [5]. 
AeiiCTByiomHe CU,T KpynHBix ropo^OB, 
(JiopMHpyeMBie ok chctcmbi c one- 
ctbchhbim peryjiHpoBaHHeM, k co}OJie- 
HHIO, B yCJIOBHflX nOBBIHieHHfl CTeneHH 

aBTOMaTH3au,HH He totobbi k nepexo^y 
Ha KOJiHnecTBeHHoe peryjiHpOBaHHe b 
nojiHon Mepe. noBBimeHHe ypOBmi bbto- 
MaTH3au,HH chctcm TennonoTpeOjieHHii, 
KOTOpBie pa6oTaiOT no TeMnepaType Ha- 
py)KHoro B03^yxa, y5KecTOHaeT TpeOoBa- 
HH5i k onepaTHBHOMy peryjiHpOBaHHio 
TenjiOBOH Harpy3KH. nooTOMy 3a^ana 
OnTHMH3aH,HH ynpaBJICHHH TenjIOBBIMH 
pOKHMaMH h i^eHTpajiBHoro peryjiH- 
poBamra OTnyeo TenjiOBOH OHeprHH b 
cncTeMax Tenno CHa6)KeHHa nBjineTcn 
BecBMa aKTyajiBHon. 

Ochobhoh 3a^aneii peryjiHpOBaHHe 
b cncTeMax TenjiocHa6)KeHHfl nBjineT- 
cn no^epncaHHe TeMnepaTypBi bo3- 
r yxa BHyTpn noMemeHHH b 3aAaHHBix 
^onycTHMBix npe^enax ±(K2)°C npn 
HenpepBIBHOM H3MeHeHHH BHemHHX H 
BHyTpeHHHX B03MymaK>mHX 4)aKTOpOB, 
a TaK5Ke TeMnepaTypBi bo^m, nocTyna- 


lomeii b CHCTeMy ropnnero BO^ocHa6)Ke- 
HHn b 3 a#aHHBix ^onycTHMBix npe^enax 
60^-75° C npn nepeMeHHOM b TeneHne 
cyTOK pacxone. 

B KauecTBe ueneBOH (JiyHKUHH onra- 
MH3au,HH BBiOnpaeTcn HaHMeHBmee 3Ha- 
neHHe no aOcomoTHOMy 3HaneHHio ot- 
KjiOHeHmi ot Texymux TeMnepaTypHBix 
pencHMOB (cyTKH X)\ 

I (T/X+l) - T j(X) | — > min (1) 

npeAnojiaraeTcn, hto paSoTaiomne 
aBTOMaTH3HpOBaHHBie CHCTeMBI Tenno- 
noTpe6jieHHn oOecnenHBaiOT chctcmbi 
T enjionoTpeOjieHHn hcoOxoahmbim ko- 
jiHnecTBOM TenjiOBOH OHeprHH h Tenno- 
HOCHTejin. 

TenjiOBOH pencHM 3 #aHHH (JiopMHpy- 
eTcn Kax pe3yjiBTaT coBOKynHoro bjihuhiui 
H enpepBiBHO H3MeHaiomHxca BHemHHX 
B03Mymai0HIHX B03JteHCTBHH (H3MeHeHH5I 
TeMnepaTypBi HapyncHoro B03nyxa, cko- 
pocTH h HanpaBjieHHn BeTpa, khtchchb- 
HOCTH COJIHeHHOH pa^Hai^HH, BJiaJKHOCTH 
B03nyxa) H BHyTpeHHHX B03MymaiOmHX 
B03,aeHCTBHH (H3MeHeHHe no^auH Teima 
ot chctcmbi OTonjieHira, BBinejieHHe Tenjia 
npn npHTOTOBjieHHH nHHjH, pa6oTa 3JieK- 
TpOOCBeTHTeJIBHBIX npH6opOB, aeilCTBHe 
COJIHeHHOH panHaUHH CKB03B OCTeKJieHHe, 
Tenjio, BBinejiaeMoe jiio^bmh) [1]. 

MaTeMamnecKyio MonejiB 6ojiee npo- 
cto mo}kho nocTpoHTB Ha ocHOBe ypaBHe- 
hhh TenjiOBBix 6ajiaHCOB, coxpamui npn 
3 tom o6mHOCTB nojiyueHHBix Monejieii 
h hx aneKBaTHOCTB MonejiHpyeMBiM npo- 

11 


GISAP 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 



PacneT 

no Harpy3KaM 


PacneT no 
COnpOTHBJieHHHM 


Pnc. 1. IIpHMep npeo6pa30BaHHn cxeMbi TenjioceTH. 
06o3HaHeHnn: HT3 - hctohhhk TenjiOBon 3Heprnn, A - aBiOMaiiniipoBaiiiibm 

noTpeSnTejib, 

HA - HeaBTOMaTH3npoBaHHbiH noTpeSnTejib 


I^eCCaM. OCHOBHBIMH 3JieMeHTaMH 3£aHH5I, 
BJIH5HOmHMH Ha TenjIOBOe COCTOflHH^ 3#a- 
hhji, jjBjiaiOTca Hapy^KHoe orpa^eHHe, 
BHyrpeHHee orpa^xAemie, CBeTonpo3pan- 
HBie orpa5K^eHHa, BHyipeHHHH B03^yx, 
BeHTHjiai^Ha, BHyTpeHHHe npe^MeTBi h t.a. 

BanaHC TennoBOH 3HeprHH z-ro 3Jie- 
MeHTa onpe^ejiaeTCH ypaBHeroieM: 

dt 

me c. - TennoeMKOCTB 3jieMeHTa, 
fl,5K/(KT°C); m. - Macca 3JieMeHTa, kt; 
t. - cpe^Haa TeMnepaiypa no o6beMy hjih 

noBepxHOCTH, °C; r - BpeMfl, c; 16/ 

j 

- cyMMapHaa TennoBaa 3Heprn^ z-ro 3Jie- 
MeHTa 3a nepHOA BpeMeHH dt , Bt. 

06iahh TennoBOH 6ajiaHC 3Ramin, 
ynHTBiBaiomHH H3MeHeHHe TeMneparyp- 
HBIX C0CT05IHHH OCHOBHBIX 3JieMeHTOB, 

onpe^ejiaeTca chctcmoh He3aBHCHMBix 
ypaBHeHHH. ripncBanBa^ hhacxcbi z ot 
1 flO 5 COOTBeTCTBeHHO TenjIOHOCHTe- 
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JIK), OTOnHTeJIBHBIM npH 6 opaM CHCTeMBI 
OTonjieHna, BHyTpeHHeMy B 03 Ayxy, BHy- 
TpeHHHM H Oipa)K^aiOmHM KOHCTpyKIJH- 
5 im 3 AaHna, nojiynnM: 

C \ m \ - C l^lOn _ ^12 ) _ <^12^12 (/\ — *2l) ’ 

dr 

C 2 m 2 ~ a 2 \^ 2 \ (/l _ *21 ) a 23^23 {*22 _ A ) _ 

— a 24 F 24 ( t 22 —t 4 )— (X 25^25 {*22 — *5 ) 

C 3 m 3 , = a 23^23 {*22 ~ *3 ) — 

dr 

°*34^4 {*3 ~ * 4 )— a 35 ^51 {*3 _ *51 ) + 

+ c 3 Lp 3 (t H — 1 3 ) + Q J3 + Q e 

C 4 m 4 — = OC 23^23 {*22 ~ *4 )"*" 

dr ; 

+ cc 34 F 4 (^ 3 — 1 4 )± a 45 F 5X ( t 4 — t 5X ) 

C 5 m 5 = a 23^23 {*22 ~ *51 )"*" 

dr 

+ cc 35 F 5X (t 3 — t 5X )+ cc 45 F 5X (t 4 — t 5X )+ 5 (3) 

+ ^52 ^52 {*H ~ *52 ) + Qj5 


me a - 3KBHBajieHTHBie xo3(|)(])h- 
i^neHTBi Tenjioo6MeHa Me)XAy ochobhbi- 
mh 3JieMeHTaMH z nj (i ±j), ynHTBma- 
lomne Tenjioo6MeH Tennonepe^aneH, 
KOHBeKH,HeH h H3JiyneHHeM, J}j k/m 2 -h; 
F- nnomaAB noBepxHOCTH 3JieMeHTa, m 2 ; 
L - pacxoA HH^HjiBTpyiomeroca B03- 
Ayxa, m 3 /c; p - hjiothoctb B03Ayxa, 
kt/m 3 ; Q J3 h Q J5 - HHCOJiai^HOHHaa Te- 
njiOBaa 3Heprna, nepe^aBaeMaa nepe3 CBe- 
Tonpo3panHBie orpa^eHHH h orpa^aio- 
HJHM KOHCTpyKIJHflM COOTBeTCTBeHHO, Bt; 

Q e - 6bitobbic TenjiOBBmejieHHa, Bt. 

B i^ejiax ynpomeHHJi b ^aHHOH ch- 
CTeMe ypaBHeHHH He OTpa^ceHBi npo- 
i^eecBi MaceonepeHoea h H3MeHeHH5i 
COCTOaHH^ BJiarH B Orpa5K^aiOH^HX KOH- 
CTpyKu,Hax. 

PemeHHe chctcmbi npn 3a^aHHBix 

BXOAHBIX B03MyHtaK)HtHX B03/jeHCTBH- 

ax V(r) =[^ L, J, Q e ] no3BOJiaeT no- 
jiynaTB TeMnepaTypHBie napaMeTpBi b 
3jieMeHTax T(t) =[t r t 2 , t y t 4 , t,] h HaHTH 
onTHMajiBHoe eoneTaHne komhohchtob 
BeKTOpa ynpaBjiaiOH^Hx napaMeTpOB 
U(r )=p ii ,G i ] b jho6oh nepHO^ BpeMeHH. 

3a^ana MO>KeT 6 bitb 3HanHTejiBHO 
ynpon^eHa npn nepexo^e Ha MO^ejiB c 
c o cp e^OTOH eHHBiMH napaMeTpaMH h 
npn npHBe^eHHH BHeniHHx B03Mynia- 
lOH^HX B03^eHCTBHH K 3KBHBaJieHTHOH 
TeMnepaType Hapy)KHoro B03^yxa npn 
noMomn eooTBeTCTByiOH^Hx nonpaBOK 
[1], a b xanecTBe ynpaBji5non;ero napa- 
MeTpa npHMTB tojibko TeMnepaTypy 
TenjiOHOCHTejia Ha BBixo^e TennoBoro 
HCTOHHHKa t w 

rH^paBjinnecKHe pe^cHMBi Mo^e- 
jinpyiOTca c npHMeHeHHeM TeopHH rn- 
^paBjiHnecKHx i^enen. /Jjia jho6oh npo- 

H3BOJIBHOH CXeMBI C yCTaHOBHBHIHMCa 

TeneHHeM jkh^kocth cocToan^eH H3 n 
ynacTKOB, m y3JiOB h k jikhchho He- 
3aBHCHMBIX KOHTypOB BBinOJIH5ieTC^ 
ycjiOBHe k=n-m+\. B CHCTeMe Tenjio- 
CHa65KeHH« c aBTOMaTHnecKHMH pery- 
ji^TOpaMH TennoBOH Harpy3KH Aony- 
CKaeM, HTO pe)KHM ABH5KeHHa ycTaHO- 
BHBHiHHCfl, Tax xax npn pa6oTe chctcm 
aBTOMaTHne cxoro peryjinpOBaHHa ne- 
pexoAHBin TennoBOH npOAecc HaMHoro 
HHepAHOHHee, neM rHApaBjiHnecxHH. 

onpeAejieHHon rHApaBjiHHecxoii 
exeMBI CTpOHTCfl CHCTCMa ypaBHeHHH, 
nojiyneHHaa H3 AByx ceTeBBix 3axoHOB 
Knpxro({)a, xoTOpaa cboahtch x CHCTe- 
Me ypaBHeHHH B BeXTOpHO-MaTpHHHOH 

4)0pMe [4]: 


*r JajMMHO 


A §x = G ; 

BSGg x = BH (4) 

me A - Marpnya eoe/pmeHnn pa3- 
MepHOCTBIO (m- 1, n ), 0flH03HaHH0 OTO- 
6pa)Katomafl CTpyKTypy c era n opneHTa- 
u,hk) ee ynacTKOB; 

B - MaTpHi^a CBfl3eii pa3MepHOCTBio 
(k, n), OTo6pa5Kaioma^ coBna^emie 

ynacTKOB n BBi6paHHOH chctcmbi jiHHeii- 
HO He3aBHCHMBIX KOHTypOB; 

S - ^naroHajiBHaa Marpnna eonpOTHB- 
jieHHH ynacTKOB pa3MepHOCTBio (n, n); 

G - BeKTOp y3JiOBBix pacxo^OB pa3- 
MepHOCTBio (m- 1); 

H - BeKTOp flencTByiomHx HanopOB 
pa3MepHOCTBio ( n ); 

G x - ^HaroHajiBHa^ MaTpnija a6eo- 
JIIOTHBIX 3HaneHHH HeH3BeCTHBIX paexo- 
£OB pa3MepHOCTBK) ( Yl , ri)\ 

g x - ^HaroHajiBHaa MaTpnija He- 
H3BeCTHBIX paCXO^OB pa3MepHOCTBIO 
(n, n). 

B pe3yjiBTaTe npOBe/jemra paeneTa 
no TenjiOBBiM Harpy3KaM noMHMO onpe- 
^ejieHnu pacxo^OB TenjioHocnTejra Ha 
Ka)K£OM ynacTKe n HanopOB b kslukjiom 
y3Jie, TaK)Ke onpe^ejiaiOTca eonpOTHB- 
neHHfl Bcex ajieMeHTOB cxeMBi, BKjnona^ 
COnpOTHBJieHHfl HeaBTOMaTH3HpOBaH- 
hbix cncTeM TenjionoTpe6jiemni. 3 th 
COnpOTHBJieHHa B ^aJIBHeHHieM HCnOJIB- 
3yK)Tca b pacneTe no eonpOTHBjieHmiM, 
b pe3yjiBTaTe KOTOporo onpe^ejiaiOTC^ 
pacxo^Bi h HanopBi npn jho 6 bix otjih- 
naiomnxcn ot pacneraBix napaMeTpax. 
Paexo# TenjiOHOCHTejni nepe3 HeaBTO- 
MaTH3HpOBaHHBie CHCTeMBI OTOnjieHHH, 
nojiyneHHBiH b pe3yjiBTaTe peinemra, 
nBjraeTCn onpe^ejnnomnM TenjiOBoro 
6ajiaHca h bxo^ht b nepBoe ypaBHemie 
CHCTCMBI (3). 

IIpHMep npeo6pa30BaHHa cxeM 
b pa3HBix pacneTax npnBe^eH Ha 
pnc. 1. 

no pe3yjiBTaTaM npoBe^emra neejie- 
/jOBaHHH HHCJieHHBiMH MeTo^aMH npe#- 
jio)KeHa MeTO^HKa H3MeHeHH5i ^HcneT- 
nepCKoro rpa(j)HKa TenjiOBBix Harpy30K, 
HCXO£5I H3 MHHHMH3aiI,HH aMnjIHTyiJBI 
H3MeHeHH« TeMnepaTypBi t u \ 

1. Onpe^ejieHHe HanajiBHoro eo- 
CTOUHHH T(0) Ha OCHOBaHHH ^aHHBIX o 

3HaneHHax U h V Ha npe^Biflymux hh- 
TepBajiax At. _ 7 h At. r 

2. Onpe^ejieHHe eocTOnmni T(i) no 
nporH03HpyeMBiM napaMeTpaM V(i) h 

V(i+1). 
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Phc.2. IIpHMepHaH (|)opMa laianmi (JjyHKijiiii TeMnepaTyp 
Hapymioro B 03 /jyxa h TenjiOHOCHTejin 


3. Onpe^ejieHHe otkjiohchh^ TeMne- 
paTypBi BHyrpeHHero B03^yxa t 3 ot 3a- 
^aHHoro 3HaneHH^. 

4. Ecjih ^aHHoe OTKjioHeHHe b Komje 
HHTepBajia Ax. MeHBine flonycTHMoro, 
TO H 3 MeHeHHe U(i) He npOH 3 BO^HTC^, B 
npOTHBHOM ejiynae napaMeTpBi U(i) H 3 - 
MemnoTca t n ±At n h onpeAejiaeTca ho- 
bo e cocTOAHHe T(i). 

5. npn OTKJIOHeHHH (jiaKTHHeCKHX 
napaMeTpOB ot nporH03HpyeMBix V 
npOH3BO£HTC5I KOppeKTHpOBKa U(i). 

6. noBTOpeHne rnaroB 1-5 e ncnojiB- 
30BaHHeM cocto^hhh T(i-l)=T(i). 

^aHHan MeTO^HKa peajiH30BaHa b 
pa3pa6oTaHHoii aBTopoM nporpaMMe. 
npHMepHan (JiopMa 3a£aHHn npnBe/jeHa 
Ha pne. 2 . 

PaeneT flncneTnepCKoro rpa^HKa 
i^eHTpajiBHoro peryjiHpOBaHHa Temio- 
bbix pe)KHMOB no MCTO^HKe no3BOJiaeT 
3HaHHTeJIBHO nOBBICHTB 3(j)(j)eKTHBHOCTB 

CH,T: 

- BO-nepBBIX, CHH)KaiOTCa pH- 
ckh noBpe5K^aeMOCTH Tpy 6 onpOBO£OB 
TenjiOBBix eeTeii 3a eneT yMeHBHieHHn 
aMnjiHTy^Bi H3MeHeHHH TeMnepaTypBi 
TenjiOHOCHTejin b no^aiomHx Tpy 6 o- 
npOBO^ax, hto noBBimaeT Ha^e5KHOCTB 
TenjiocHa65KeHHa; 

- BO-BTOpBIX, nOBBIHiaeTCH 3KO- 
HOMHHHOCTB npH npOH3BO^CTBe 3Hep- 
thh Ha T3U, 3a cneT pa3HOCTH npnpo- 
ctob pacxo^a TonjiHBa Ha BBipa 6 oTKy 
3HeprHH npn pa3JiHHHBix TeMnepa- 
Typax TenjiOHOCHTejni h chh^kchha 
KOJIHH eCTBa nyCKOB-OCTaHOBOB oc- 
hobhoto TenjioreHepnpyiomero 060 - 
py^OBaHHa. 
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ANALYTICAL METHOD OF 
CALCULATION OF OPTIMUM 
PARAMETERS OF WOVEN TEXTILE 
MATERIALS USED FOR TECHNICAL 
PURPOSES 

M.Yu. Treshchalin 1 , Doctor of Technical sciences, 

Full Professor 

A.V. Treshchalina 2 , Candidate of Technical sciences, 
Associate Professor 

Moscow State Technological University Stankin, Russia 1 
Institute of Public Administration, Law and Innovative 
Technologies, Russia 2 

In presenting the material as a continuous medium having a 
fibrous structure, andcapillary-porous structure, proposed an analytical 
method for determining the physical and mechanical characteristics 
and the effective thermal conductivity depending on the density of 
non- woven fabrics with a light duty when used as a geotextile layer 
in road embankment and thermal insulation engineering services and 
structures. 

Keywords: non- woven material, continuous medium, density, 
geotextiles, porosity, deformation, thermal insulation, thermal 
conductivity coefficient. 
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AHAJIHTHHECKHH METOfl PACT ETA 
OnTHMAJIbHbIX nAPAMETPOB 
HETKAHBIX TEKCTHJIBHBIX 
MATEPHAJIOB TEXHHUECKOTO 
HA3HAHEHH3 

TpenjajiHH M.K). 1 , £-p TexH. HayK, npotj). 

Mockobckhh rocynapCTBeHHBin TexHOnornue ckhh 
yHHBepcuTeT «CTAHKHH», Pocchu 1 
TpemajiHHa A.B. 2 , KaH£. TexH. HayK, floijeHT 
HHCTHTyT rocyaapCTBeHHoro ynpaBjieHna, npaBa h 
HHHOB aiJHOHHBIX TCXHOJIOTHH, P0CCH5I 2 


IIpeacTaBJiaa MaTepnan icax cnjiomHyio cpeay, HMetoinyio bojiok- 
HHCTyio CTpyKTypy n KannjuiBpHO-nopHCToe CTpoeHne, npejiJiO)KeH 
aHajiHTHHecKHH MeTO^t onpeaejiemw (}DH3HKO-MexaHHuecKHx xapaKTe- 
pHCTHK H 3(J)(j)eKTHBHOrO K03(J)C|)HUHeHTa TenjIOnpOBOAHOCTH B 3aBHCH- 
mocth ot njiOTHOCTH HeTKaHBix nonoTeH c yueTOM ycjiOBHH 3Kcnjiya- 
TaitHH npH HCn0JIB30BaHHH B KaneCTBe reOTCKCTOJIbHOH npOCJIOHKH B 
aopo^cHon Hacbinn h Tenji0H30Ji5mnH nmKeHepHtix KOMMyHHKannn n 
coopy^ceHHii. 

KjuoHeBbie cjioea: HeTKaHbin MaTepnan, cnnomHaa cpena, nnoT- 
HOCTB, reOTeKCTHJIB, nOpHCTOCTB, nCCjtOpMaitnH, TenjI0H30JIBUHB, K03(J)- 
(jtnnneHT TennonpoBO/pHO cth . 

ynaCTHHKH KOH^epeHUHH 


& ^£$1 http://dx.doi.Org/10.18007/gisap:tsca.v0i9.1434 



H eTKaHBie MaTepHajiti npe^CTaB- 
JHIIOT BOJIOKHHCTBie CHCTCMBI, B 
KOTOpBIX XaOTHHHO pacnojio}KeHHBie 
BOJiOKHa coe^HHCHBi MOK^y co6oh Me- 
XaHHHeCKHM, (J)H3HKO-XHMHHeCKHM HJIH 
KOM6HHHpoBaHHBiM cnocobaMH. TaKHe 
objia/jaiOT bbicokhmh npou- 
HOCTHBIMH CBOHCTBaM, a flOCTaTOHHO 
npOCTafl H OKOHOMHHHaa TeXHOJIOTHa HX 
H3TOTOBJieHHfl n03BOJHieT HCnOJIB30BaTB 
flJHI HX H3rOTOBJieHHfl pa3H006pa3HBIH 
BOJIOKHHCTBIH COCTaB. 

PaCHeT (J)H3HKO-MexaHHHeCKHX H Te- 
njio(f)H3HHecKHx napaMeTpOB HeTKaHBix 
nonoTeH, ifejiecoo6pa3HO npoBO^HTB, 
npeACTaBji^ paccMarpHBaeMBiH Mare- 
puaji KaK B5i3KoynpyryK) cnjioniHyio cpe- 
jxy, HMeiomyio KanujuiapHO-nopHCToe 
CTpoeHne H BOJIOKHHCTyiO CTpyKTypy. 

H3MeHeHHe xapaKTepHCTHK bbicoko- 
nOpHCTBIX cpea, K KOTOpBIM OTHOCHTCH 
BOJIOKHHCTBie MaTepuajiBi, b pe3yjiBTaTe 
BHeiHHHX B03ACHCTBHH, M05KHO C £0- 
CTaTOHHOH £JIH npaKTHHeCKHX paCHeTOB 
TOHHOCTBK), npe^CTaBHTB B BH^e CTC- 
neHHOH 3aBHCHMOCTH: 

F(x) — K • x n (1) 

me: F(x) - ifejieBan (jiymopni; 
x - xapaKTepHBiii napaMeTp Marepuajia 
(HanpHMep: hjiothoctb, /fetjjopMaipui h 


T.fl.); K, n - K03(J)(|)HH,HeHT nponopifHO- 
HajiBHOCTH h noKa3aTejiB, xapaKTepH3y- 
iohjhh CTeneHB hcjihhchhocth ^yHK- 
IfHH, COOTBeTCTBeHHO. 

rpaHHHHBie yCJIOBHH $OpMyjIHpyiOTC5I 
cjieayiomHM o6pa30M: b ^uana30He H3- 
MeHeHHn 0 < x < 1 3HaueHHe x = a co- 
OTBeTCTByeT bcjihhhhc F(x) = F(x) min 
hx = b HMeeT MecTO b cjiyuae 
F(x) = F(x) max (puc. 1). 3a^aua cocto- 

HT B TOM, HT 06 BI HaHTH TaKyiO (jjyHKHHK) 
BHjta ( 1 ), KOTopaa odecneunjia 6 bi BBinoji- 

HeHHe H 3 JI 05 KCHHBIX TpedOBaHHH. 

J\jik pemeHHn 3a^auH HcnojiB3yeTCn 

MeTOA HITpat^HBIX (JtyHKIfHH. 

Onpe^ejieHHe HiTpatjmoH (jiyHKifHH no 


x npOH3BO£HTC5i TaKHM o6pa30M, hto6bi 
b HHTepecyiomeM HHTepBajie ot a^o b 
OHa dBuia paBHa Hyjno, a 3a npe^ejiaMH 
HHTepBajia B03pacTajia [1]: 

( 0, npH a < x < b 
(x - b), npH x > b 

(a — x), npH x < a 

C aejiBio onpe^ejieHHn HeH3BecT- 
HBIX K H n CJie^yeT MHHHMH3HpOBaTB 
pa3HOCTB MOK^y HCKOMOH (|)yHKHMeH 
(1), KOTOpyiO M05KHO npe/fCTaBHTB B 
BH^e K • Z n = K • e n ln ® , h HeKOTOpon 
impatjmoH (jiymcifHeii f(Z). J\jik obecne- 
HCHHH nOJIO)KHTeJIBHOH pa3HOCTH MOK^y 
y KB3 BHHBIMH cjjyHKUHflMH B Ka)K£OH TOH- 
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Ke no Z ncnojiB3yeTC5i mqtoji cpe^Hnx 
KBa^paTHHHBIX OTKJIOHeHHH ! 

A 

j [K • Z n — f(Z)] 2 dZ = I(K, n) 
o 

Heo 6 xoAHMBiM ycuoBneM /jocth- 
5 KeHHH MHHHMyMa pa 3 HOCTH (J)yHKU,HH 
nBjraeTCn paBeHCTBO HyjiK) nepBon npo- 
h 3 boahoh I(K,n) no napaMeTpaM K n n: 

A 


dl 

3K' 


d\ 

dn 


2 • J [K • Z n - f(Z)] • Z n dZ = 0 (2) 

o 

A 

= 2 • f [K • Z n - f(Z)] • K • 

c! (3) 

• ln(Z) • Z n dZ = 0 


IlocjieAOBaTejiBHO HHTerpHpyn (2) n 
(3) HMeeM: 

a b 

J [K • Z n — (a — Z)] • Z n dZ + J[ K • Z n • Z n ]dZ - 

0 a 

1 

+ J[K • Z n - (Z - b)] • Z n dZ = 


2 • n + 1 (n + 1) • (n + 2) 

• [a n+2 + n ■ (1 - b) + (1 - 2 • b) + b n+2 = 0 

b 

+ |[K • Z n • Z n • In (Z)]dZ 

a 

a 

| [K • Z n - (a - Z)] • ln(Z) • Z n dZ + 

0 

1 

+ | [K • Z n - (Z - b)] • In (Z) • Z n dZ = 


K-a" 


(2 • n + 1 ) 2 


■ [(2 • n + 1) • ln(a) - 1] ■ 


a n+2 ^n+1 

• [(n + 1) • In (a) - 1] + - 


(n + l) 2 


(n + 2) 2 


• [(n + 2) • ln(a) — 1] + - 


K 


(2 • n + l) 2 
• {[(2 • n + 1) • [b 2 n+1 • ln(b) — a 2 n+1 • 
• In (a)] - [b 2 ' n+1 - a 2 ' n+1 ]} + 

K ■ {b 2n+1 • 


(2 • n + l) 2 


■ [1 — (2 • n + 1) • ln(b)] - 1} + 


. { b n +2 . [i _ ( n + 2 ) • ln(b)] - 1} + 


(n + 1) 2 


• {b n+2 • [1 - (n + 1) • ln(b)] - 1} = 0 

Ilocjie npeo6pa30BaHHH nojiyneHO 
TpaHCi^eH^eHTHoe ypaBHeHne njin onpe- 
Aejiemoi n: 
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n + 1 


■ {b n+1 • [1 - (n + 1) • ln(b)] - b - a n 


• [1 - (n + 1) • In (a) - 1]} + - 


(n + l) 2 

• {a n+2 • [(n + 2) • ln(a) — 1]— b n+2 ■ 

• [1 - (n + 2) • ln(b)] + 1} — 

1 


(4) 


(2 • n + 1) • (n + 1) • (n + 2) 

• [a n+2 + n • (1 - b) + (1 - 2 • b) + b n+2 ] = 0 

PacneT 3HaneHHJi K npon3BO^HTca 
no cjienyiomeH (jiopMyjie: 


K = - 


(2 • n + 1) 


(5) 


(n + 2)z 


(n + 1) • (n + 2) 

• [a n+2 + n • (1 - b) + (1 - 2 • b) + b n+2 ] 

PemeHne ypaBHeHnn (4) n (5), npo- 
bo^htc 5 i c yneTOM (1), 3anncaHHoro njin 
MaKCHMaJIBHOrO H MHHHMaJIBHOrO 3Ha- 
neHHH (j)ymapiH F(x), b BH^e: 

lnF(x)max = ln(K) + n -In (b) (6) 

In F(x) min = ln(K) + n • In (a) (7) 

HncjieHHBie 3HaneHHH n, K, a n b 
onpenejimoTCn H3 coBMecTHoro pemeHna 
ypaBHeHnn (4) - (7) npn H3BecTHBix F(x) 
max n F(x) min , onpenejiaeMBix H3 ycjiOBnn 
3KcnjiyaTai^nn MaTepnajia. 

3aBHCHMOCTH (4) - (7) n03B0JI3K)T 
npOBecTH pacneT cji h 3 hko - m exaHnn e ckhx 
napaMeTpOB reoTeKCTHjiBHoro MarepHa- 
jia, ncnojiB3yeMoro npn CTponTejiBCTBe 
TpaHcnopTHBix MarncTpajien. 

O^HHM H3 OCHOBHBIX yCJIOBHH 
KanecTBeHHoro ^yHKi^HOHHpOBaHna 
reOTeKCTHJIBHOH npOCJIOHKH, HBJHHO- 
mencfl o^hhm H3 cnoeB nopomioii 
o^e^Bi, hbjmctch obecneneHne 
ApeHa^Ka rpyHTOBBix n no^KneBBix bo n. 
J\jik 3Toro MaTepnaji, pacnoji05KeHHBin 
b HacBinn, nojDKeH hmctb nopncTOCTB, 
paBHyio nopncTOCTH npHMemieMoro 
OTBO^a h 36 bitohhoh Bjiarn, 
penHoro necxa = 0.36 0.46 npn 

MaKCHMaJIBHOM HaBJieHHH Ha A0p05KH0e 
noKpBiTne [2]. Torna ypaBHeHne (1) 
6yneT HMeTB bh#: 


P(e) = K • £ n 


(9) 


rue: P(s) - BHeniHee naBjieroie Ha 
MaTepHaji;s - obBeMHan ne(j)opMaipni 
MaTepnajia. 

rpaHHHHBie ycjiOBHa: 


{ 0, npn a < e < b 
(s - b), npn e > b 
(a - e), npn 8 < a 

CooTBeTCTBeHHO b ypaBHeHHux (4) - 
(7) c+eayeT cnHTaTB: 

X = E = b npn F(x) max = P max . 

x = £ = a npn F(x) min = P min . 

C yneTOM H3Ji05KeHHoro, HanajiBHan 
nopHCTOCTB MaTepnajia onpenejiHTCn: 

= ^ ■ (1 - e) + 8 = 0.36 • (1 - b) + b 

rue: e = b - obBeMHan ne(j)opMaipni 
npn P = P max ;^ = 0.36 - nopHCTOCTB npn 
s — b. 

npn MHHHMaJIBHOM flaBJieHHH Ha 
MaTepnaji: 

?a = «o-a)/(l-a) 

rue: e = a - o6BeMHan ne(j)opMaipni 
npn P = P min ;^ a - nopHCTOCTB MaTepnajia 
npn £ — a. 

fl,Hana30H H3MeHeHHn Mony- 
jih ynpyrocTH reOTeKCTHJIBHOH 
npocjiOHKH E = dP/d£ b coot- 
BeTCTBne c (8) npn naBjieHHux: 
P = Pmin : E a = n • K • a ( n-: 0 H 

F = Pmax : E b = n • K • b^ n-1 \ 

PemeHne ypaBHeHnn (4) - (7) c 
yneTOM BBimenpHBeneHHBix yTon- 
HeHHH, npOBOAHJIOCB npHMeHeHHeM 
nporpaM-MHoro KOMnjieKca MATCAD. 
AHajiH3 pe3yjiBTaTOB no3BOjnieT npo- 
H3BecTH KanecTBeHHyio h KOJinne- 
CTBeHHyio oi^eHKy Tpe6yeMBix napa- 
MeTpOB BOJIOKHHCTBIX MaTepHaJIOB B 
3aBHCHMOCTH OT BHeiHHCH Harpy3KH. 
H3 $H3HHeCKHX C006pa5KCHHH CJie- 
AyeT, hto b o6jiacTH 3HaneHHH n < 1, 
BejiHHHHa (dE / ds) < 0. 3 to ycjiOBne 
eooTBeTCTByeT yMeHBineHHio ynpyrnx 
CBOHCTB Cpe^BI C pOCTOM HanpIDKeHHH, 
hto xapaKTepHO hji^ MaTepnajiOB, npe- 
TepneBaiomHx b npoi^eeee Harpy3KH 
Heo6paTHMBie H3MeHeHHH CTpyKTypBi 
((J)a30BBiH nepexofl, pa3AaBjiHBaHHe 
3jieMeHTOB CKejieTa h T.n.). 

Cjiynan n = 1 onpe^ejiaeT epe^y, 
HMeiomyio H^eajiBHyio ynpyrocTB, 
hto He eooTBeTCTByeT peajiBHOMy no- 
Be^eHHK) BOJIOKHHCTBIX MaTepHaJIOB 
non Harpy3KOH. TaK)Ke He B03M05K- 
HO H3TOTOBHTB HCTKBHBie nOJIOTHa, 

HMeiomne E a » 1. CjienoBaTejiBHO, 
nHana30H bhcihhhx Harpy30K, onpe- 
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fleJIfleMblH BeJIHHHHaMH OTHOIIieHHfl 

(P min / P max ) <0.1 He npHeMjieM rjw 3(j)- 

(J)eKTHBHOrO HCn0JIB30BaHHa TeKCTHJIB- 
HBIX H3fleJIHH. 

B flnana30He Harpy30K 

0.2 < (P m in/Pmax) ^ 0.4 3HaneHH5i n Ha- 
xo^aTca b npe^enax ot 2.2 2.4 (ecjiH 

npHHaTB Ha 3tom ynacTKe cpe^Hee n = 
2.3, to OTHOCHTejiBHaa norpeniHOCTB 
pacneTOB cocTaBHT 4.2 - 4.6 %). Bejin- 
HHHa K BapBHpyeTca ot 0.6 #o 0.75 Mna. 
IIpH HcnojiB30BaHHH b paeneTax Cpe^He- 
ro 3HaneHHa K = 0.675 Mila, norpern- 
hoctb He npeBBimaeT 10 %. 

IIOMHMO AOp05KHOTO CTpOHTCJIB- 
CTBa, HeTKaHBie MaTepnajiBi BecBMa 
3(j)(J)eKTHBHBI Rim HCn0JIB30BaHH5I B 
KanecTBe TenjiOH30jnmHH pa3JiHHHoro 
pORR KOHCTpyKI^HH H MaTHCTpaJIBHBIX 
HH5KeHepHBIX COOpy)KeHHH. AHaJIH3 
MeTO^OB onpeAejieHHa Tenjio(|)H3HHe- 
CKHX XapaKTepHCTHK MHOTO(J)a3HBIX CH- 

CTeM noKa3BmaeT, hto Mo^ejinpoBaHHe 
b 6ojiBHiHHCTBe cjiynaeB npOBOAHTca c 
n03HH,HH 3apaHee H3BeCTHBIX (})OpMBI H 
B3aHMOAeHCTBHa CTpyKTypHBIX 3JieMeH- 
tob. IIoao6hbih no^xoA HeH36e)KHO npn- 
bo^ht k H^eajiH3HpOBaHHOMy npe^CTaB- 
jieHHio o TenjiooOMeHHBix npoijeeeax, 
npOHCxo^an^Hx b HeTKaHBix nojiOTHax 
t.k. npaKTHnecKH HeB03M05KH0 ynecTB 
eymecTByiomHe b peajiBHBix ycjiOBHax: 
KOHTaKTHyiO TenjIOnpOBO^HOCTB MQHKJiy 
3jieMeHTaMH; rpa^neHT TeMnepaTypBi Ha 
rpamme TBep^on h ra30B0H (j)a3; (jjopMBi 
h pa3MepBi nop. 

B pa6oTax, nocBameHHBix H3y- 
HeHHK) TenjIO(J)H3HHeCKHX cbohctb 
M aTepnajiOB [3,4] ycTaHOBjieHO, hto c 
yBejiHneHHeM hjiothocth B03pacTaeT 
H K03(J)(J)HH,HeHT TenHOnpOBO^HOCTH 
TeKCTHJIBHBIX H3^eJIHH, HTO n03B0JI5ieT 
npHMeHHTB CTeneHHyio (JiyHKijHK) (1) 
b BH^e: 

= L • p m 

me: 1^, p - 3({)(J)eKTHBHBIH K03({)(j)H- 
H,HeHT TenjIOnpOBOAHOCTH H njIOTHOCTB 
Marepnajia; 

O^HaKO, npn aHajiHTHnecKOM onpe- 
^ejieHHH 1 b 3aBHCHMOCTH ot r He pa- 
H,HOHaJIBHO HCnOJIB30BaTB KOHKpeTHBie 
BeJIHHHHBI njIOTHOCTeil pa3JIHHHBIX Ma- 
TepHaJIOB, T.K. OHH BapBHpyiOTca B HIH- 
pOKOM ^nana30He 3HaneHHH. Han6ojiee 
ijejiecoo6pa3HO paccMaTpHBaTB H3MeHe- 
Hne K03({)(J)Hi;HeHTa TemionpOBO/piocTH 


b 3aBHCHMOCTH ot nnoTH o CTeii MarepHa- 
na p M h cocTaBjunomHx ero bojiokoh p B : 

^ - L • (Pm/Pb)™, ( 9 ) 

3anncB X 3 $ = f(p M /p B ) B BH ^ e ( 9 ) 

no3BOJiaeT ycTaHOBHTB £Hana30H H3- 

MeHemra apryMeHTa. B ejiynae, Koma 
oOneMHaa nopHCTOCTB MaTepnajia 6jih 3- 
xa k 100 % BejiHHHHa (pm/Pb) ~ Oh, 

Hao6opOT, npH MHHHMaJIBHO B03M05K- 
hoh nopHCTOCTH 3HaneHHe (Pm/Pb) 
npH6jiH5KaeTca k e^Hrome, T.e. 
p M ~ p B . IIpHMeHHTejiBHO k paecMaTpHBa- 
eMoii 3Rrrhq Taxne ycjiOBHa 3anHmyTca: 

(0, npn p x < (p m /pb) < p 2 

F(Y) = j [(Pm/Pb) - P2I npn (pm/Pb) ^ P2 

UPi - (Pm/Pb)L npn (pm/Pb) < Pi 

me: p t , p 2 - BejiHHHHbi OTHomeHHn 
(Pm/Pb) COOTBeTCTBeHHO npH MHHH- 
MaJIBHOM X ] H MaKCHMaJIBHOM X 2 3RR- 
neHHax s^^eKTHBHoro K03(j)(j)HijHeHTa 
TenjIOnpOBO^HOCTH, KOTOpBie 3aBHCHT 
OT njIOTHOCTH CTpyKTypHBIX 3JieMeHTOB 
(ajhi HeTKaHBix MaTepnajiOB - BH^a bo- 
jiokoh) TOJIHJHHBI, nopHCTOCTH H Cpe^BI, 
3anojiHaiomeH ero nopOBoe npocTpaH- 
CTBO. COOTBeTCTBeHHO b ypaBHeHHax (4) 

- (7) ejie^yeT cnHTaTb: 

X = (Pm/Pb) = Pi, npnF(x) max — ^-1 ’ 

X = (Pm/Pb) = P 2 . npn E(x) m in = *2 • 

BejiHHHHbi X 1 h X 2 onpe^ejiaiOTca 
ncxo^a H3 yejiOBHH 3KcnjiyaTau,HH Te- 
njIOH30Jiai^HH. npH 3TOM HHCJieHHBie 
3HaneHHH 3(j)(J)eKTHBHOrO K03(J)(J)Hi;HeH- 
Ta TenjionpoBOAHOCTH bo mhotom 6y^yT 
3aBHceTB ot cpe^bi, 3anojiHaiomeH no- 
pOBoe npocTpaHCTBO TenjiOH30Jiai^HOH- 
Horo MaTepnajia, t.k. TenjionpOBOAHO- 
CTH B03£yxa, BO^BI HJIH JIB^a (KOTOpBie 
MOryT HaXOAHTBCa B pa3JIHHHBIX KOJIH- 
necTBeHHBix cooTHomeHHax) BecBMa 
3HaHHTeJIBHO OTJIHHaiOTCtf MOK^y CO 6 OH. 
CnHTaa, hto npn MaKCHMajiBHOH nopn- 
ctocth, T.e. 0 < (pm/Pb) < 0.05, X 3ijj 
paBeH K03({)(J)Hi;HeHTy TenjionpOBOAHO- 
CTH Cpe^BI, paCCMOTpeHBI TpH BapHaHTa 
(JjyHKi^HOHHpOBaHHa TenjiOH30JiaTOpa. 

I. B nopax MaTepnajia Haxo^HTca 
B03^yx (HanpHMep, TenjiOH30Jiai^Ha xo- 
JIO^HJIBHBIX yCTaHOBOK, Tpy6onpOBO^OB, 
Haxo^amHxea bo BHyTpeHHHx noMeme- 
HHaX 3AaHHH H T.fl.). Toma npH yCJIOBHH 
0 < (Pm/Pb) ^ 0-05 34)$eKTHBHBIH KO- 
3(})({)Hi;HeHT TenjionpOBO^HOCTH Tenjio- 


H30JiaTOpa npaKTHnecKH paBeH ko 3$- 
(^Hii,HeHTy TenjionpOBOAHOCTH B03#yxa 

X = 0.02442 Bt / (m-K). 

B03 v 7 

II. Marepnaji 3KcnjiyaTHpyeTca b 
yCJIOBHaX nOBBIHieHHOH BJia)KHOCTH 
(oTcyTCTBne repMeTHHHoii BOAOHenpo- 
HHH,aeMOH 3amHTBI H30JiaiI,HH ynaCTKOB 
Tpy6onpOBO^OB, yTenjiHTejien nojiOB Ha 
HH5KHHX 3Ta»CaX 3#aHHH H T .R.). IIpH TOM 
5Ke yejiOBHH, hto nopHCTOCTB MaTepnajia 
MaKCHMajiBHa, ero X^ 6y^eT H3MeHHTBca 
OT x ± = X BQ3 = 0.02442 Bt/(m • K) no 
A 2 = A BOflbI = 0.5513 Bt/(m • K); 

III. TenjiOH30jnmHOHHBiH MaTepnaji 
HaxoAHTca bo BjiaroHacBimeHHOM co- 
ctouhhh h HcnojiB3yeTca npn TeMnepa- 
Typax HH5Ke 0 °C (npn OTcyTCTBHH 3a- 
I 13 HTBI H30JiaiI,HH He(J)Te-ra30npOBO^OB, 
CKBa)KHH H COOpy}KeHHH OT npOHHK- 
HOBeHHa b paiiOHax KpaiiHero CeBepa 
h 3anaAHOH Ch6hph). B 3tom cjiynae 
no^xoji k onpe^ejiCHHio onraMajiBHBix 
napaMeTpOB TenjiOH30Jiai^HH aHajiorn- 
neH RByM npeAbmymHM cjiynaaM, c toh 
jihhib pa3HHi^eii, hto AHana30H H3MeHe- 
HHa X^ 6y^eT Haxo^HTBca b npejjejiax 
ot X ± = X BOAhl = 0.5513 Bt/(m • K) ro 
^ 2 =X nhAa = 2.250 Bt/Cm-K). 

3HaneHHa X , X , X , npn- 

B03 y BQZJtr JIB^a 7 r 

hotbi npn aTMoe^epHOM ^aBjieHHH 
P = 1.0M0 5 Ila h TeMnepaType 

t = 0 °C. B pe3yjiBTaTe pacneTOB onpe- 
^ejieHBi HCKOMBie bcjihhhhbi L h m, no- 
3BOJiaiomHe paecHHTaTB onTHMajiBHoe 
3HaneHHe X^ B 3aBHCHMOCTH OT p M /p B 
rjisl KajKjjoro H3 Tpex BBimenepeHHCJieH- 
hbix BapnaHTOB, r hmchho: I BapHaHT: 
X 3 $ = 0.982(p M /p B ) 1119 ; II BapnaHT: 
X 3 $ = 0.502(p M /p B )° 0103 ; III BapnaHT: 
A 34 , = 0.248(p M / Pb ) -0 ' 290 • 

Cjie^yeT otmcthtb, hto HcnojiB3ya 
H3JIO)KeHHBIH MaTeMaTHHeCKHH MCTO^ 
mo}kho npoeKTHpoBaTB MaTepnajiBi 
JIHHIB no O^HOH, 3a^aHHOH H3HanaJIBHO, 
xapaKTepHCTHKe (HanpHMep, hjiothoctb 
HJIH nopHCTOCTB) H CnpaBC^JIHB RJ1SL 
Bcex MaTepnajiOB, HMeioiipix Kannjuiap- 
HO-nopHCTyio hjih nopHCTyio CTpyKTypy. 
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INDUCTION TRANSDUCERS TO 
MEASURE STRONG CURRENTS 
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The use of energy saving devices that allows reducing the weight 
and dimensions in tens and hundreds of times of the existing electrical 
equipment respond the modem requirements. Replacement of current 
transformers by Rogowski coil allows measurement of large currents 
at the same voltage. 

Keywords: induction converter, energy saving, Rogowski coil. 

Conference participant, 

National championship in scientific analytics 


GISAP 

TECHNICAL SCIENCES, CONSTRUCTION AND ARCHITECTURE 

nPHMEHEHHE flHOOEPEHUHPyiOIHHX 
HHflyKIJHOHHLIX nPE0EPA30BATEJIEH 
J1JVL H3MEPEHUH EOJIblHHX TOKOB 

Ma3aneBa H.H., KaH/c TexH. HayK, floifenr 
^aJIEHeBOCTOHHBIH cjie,Zl,epaJIBHBIH yHHBepCHTeT, PoCCHfl 

HcnojiB30BaHne b 3Heproc6epe^ceHnn ycTponcTB, KOTOpEie no3BOJia- 
iot b ^ecHTKu h cothh pa3 yMeHEmHTE Maccy n ra6apHTEi cymecTByioiue- 
ro 3JieKTpoo6opyaoBaHHH oTBeuaeT coBpeMeHHEiM TpedoBamiaM. 3aMeHa 
TpaHCcJtopMaTopoB TOKa Ha KaryniKH PoroBCKoro no3BOJiaeT npoFGBOjtHTB 
H3MepeHne 6 ojibuihx tokob npH Tex ace 3HaueHHa HanpaaceHHa. 

KjiHJHeBbie cjioea: HHjtyKHHOHHEra npeo6pa30BaTejiE, 3Heproc- 
depeaceHHe, KaiyniKa PoroBCKoro. 

YnaCTHHK KOH(J)epeHUHH, 

HaunoHajibHoro nepBeHCTBa no HayHHoii aHanHTHKe 
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3 Heproedeperaiomaa nonHTHKa 

Pocchh npe^nonaraeT niHpOKoe 

HcnonB30BaHHe 3Heproc6eperaiomero 

odopy/jOBamia, MaTepHanoB h 3Hepro- 
3(j)(J)eKTHBHBIX TCXHOJIOTHH, n03T0My 
aKTyanBHOCTB 3aMeHBi TpaHcijiopMaTO- 
pOB TOKa (TT) Ha AH^tJiepeHifHpyiomHe 
HHflyKifHOHHBie H3MepHTenBHBie npeod- 
pa30BaTenH (^HIIT), H3BecTHBie Taxace 
noA Ha3BaHHaMH TpaHCpeaxropBi hjih 
KaTyiHKH POTOBCKOTO He BBI3BIBaeT eo- 
MHeHHa. ^HFIT OTjiHnaiOTca ot TT TeM, 
HTO OHH padOTaiOT B peaCHMe XOJIOCTOTO 
xo^a. 3to OTjiHHne odecnenHBaeT chh- 
}KeHHe HX MaCCBI B COTHH H TBICaHH pa3 
no cpaBHeHHK) c Maeeoii TT, H3Mepaio- 
nmx TaKne ace tokh npn tbkom ace bbi- 
xo^hom HanpaaceHHH. 

IlepBoe HcnonB30BaHHe KaTymeK 
Potobckoto b peaeiniOH 3anmTe otho- 
CHTca k 40-m tojxzlm npoiHjioro Bexa: ohh 
CT anH npHMeHaTBca b mi(tx} )e P eHI t HajIb ~ 
HOH 3amHTe HIHH. B TO BpeMa KOHCTpyK- 

ijna KaTymeK Potobckoto, He HMeiomHx 
MarHHTHoro eep/feHHHxa, He co3AaBana 
Ha^eacHyio 3anmTy KarymKH ot B03£eii- 
CTBHa Ha Hee MemaiOHmx MarHHTHBix 
nonen. IIo3TOMy b ^anBHeiimeM b 3toh 
odnacTH npo^ojiacajm HcnonB30BaTB 
TOJIBKO TT. 

lIlnpOKO npHMemuiHCB ^HFIT, 
CHa6)KeHHBie MarHHTHBIM eep^eHHHKOM 
c B03£yiHHBIMH 3a30paMH, B TOKOH3MC- 
pHTenBHBix Kjiemax. HmmcTaTOK tbkhx 
K jiemen - 3 to 3aBHCHMOCTB pe3yjiBTaTa 
H3MepeHHa ot hbctotbi H3MepaeMoro 
Toxa. TaKne Kjienm odeenemiBajiH Heod- 
XO^HMyiO TOHHOCTB H3MepeHHa TOJIBKO 
fljia npaKTHnecKH CHHyconflajiBHBix to- 
kob, Kopzja nacTOTa tokob paBHa homh- 
HajiBHOH nacTOTe Kjiemen. 


B KOHife npomjioro Bexa HanajiocB 
dBicTpoe pa3BHTne H3MepHTejiBHBix npe- 
o6pa30BaTejieii, b kotopbix noMexo3a- 
lUHlUeHHOCTB TOpOH^aJIBHOH KaryniKH 
Potobckoto odeenemiBajiacB bbicokoh 
paBHOMepHOCTBio yicjiaflKH ee bhtkob 
h HajiHuneM odparaoro npOBO/ja, npo- 
xojtamero BHyTpn KaTyniKH. Bbico- 
Kaa tohhoctb pe3yjiBTaT0B H3MepeHHa 
nepeMeHHBix tokob HecHHycoH^ajiBHoii 
cjlOpMBI H He3aBHCHM0CTB OT HBCTOTBI 
H3MepaeMBix tokob CTajin odeenenH- 
BaTBca djiarojjapa BOCCTaHOBjieHHio 
CjlOpMBI TOKa Ha OCHOBaHHH H3MepeHH0H 
ero npOH3BO,zfHOH. 3to npeo6pa30BaHHe 
H3MepaeMoro CHTHajia oeymecTBjiaeTca 
noepe^CTBOM HHTerpHpyiomero (Jihjib- 
Tpa, bxo a KOTOporo noflKjiiOHaeTca k Ka- 
Tymxe Potobckoto. 

K Hanajiy HacToamero CTOJieTHa ot- 
HoeaTca nepBBie p e 3yjiBT aTBi yenemHoro 
BHe^peHHa hobbix ycTponcTB pejieiiHOH 
3amHTBI, OCHOBaHHBIX Ha npHMeHCHHH 

KaTymeK Potobckoto h HHTerpHpyiomHx 
(j)HJIBTpOB BMeCTO TT. IIpH 3TOM COXpa- 
HaiOTca Tpa^HifHOHHBie ajiropHTMBi pa- 
60TBI TOKOBOH 3amHTBI. HOBBie yCTpOH- 
CTBa 3 toh 3amHTBi HcnojiB3yiOT xax pe- 
3epBHBie £Jia 3amHT, BBinOJIHeHHBIX Ha 

ocHOBe TT. 

He^ocTaTOK no^odHoro no^xo^a 
3aKjnoHaeTca b Heodxo^HMOCTH npn- 
MeHeHHa, noMHMO HHTerpHpyiomHx 
(JiHjiBTpOB, ycHjiHTejieii, npHBO/janmx b 
AeiicTBHe ncnojiHHTejiBHBie ycTpoiicTBa 
3amHTBI. 

Pa3padoTKH, npoBO^HMBie Ha Hameii 
KaiJje^pe hmciot jiynmne noKa3aTejin. B 

HaCTHOCTH pe3yjIBTaTBI HCCJie^OBaHHH B 
hobom HanpaBjieHHH npHMeHeHHa KaTy- 
meK PoroBCKoro pejieiiHOH 3amnTBi 


H aBTOMaTHKH nOKa3aJIH, HTO B03M05KH0 
odxoAHTca de3 npHMeHeHHa HHTerpH- 
pyiomHx cjlHJIBTpOB H JfOnOJIHHTeJIBHBIX 
ycHjiHTejieii. 

YAajiocB pa3padoTaTB ycTpoiicTBa, 
odeeneHHBaiomHe paBHOMepHoe pae- 
npejtejieHHe peaKTHBHBix Harpy30K 
MOK^y CHHXpOHHBIMH TCHepaTOpaMH. 

npn pa3padoTKe ycTponcTB tokoboh 
ct adnjiH3 au,HH e ^HFIT yHHTBiBajiocB, 
HTO npH H3MepeHHH 0,ZfH0r0 H Toro UK e 
CHHyeoH^ajiBHoro TOKa e noMomtio 
TT h ^FlIIT, HanpaiKeHHe noejieflHero 
onepoxaeT bbixo^hoc Hanpa5KeHHe TT 
Ha ^eBaHOCTO rpa^ycoB. 3Ta oeodeH- 
hoctb, xax oxa3ajiocB, no3BOJiaeT eo3- 
,aaBaTB npe^ejiBHO npocTBie ycTpoiicTBa 
TOKOBOH CTadHJIH3aifHH, B KOTOpBIX Ha 
bxoji,bi peryjiaTOpOB HanpaaceHHa no- 
,aaiOTca eyMMBi $a3HBix HanpaaceHHH h 
HanpaaceHHH KaTymeK ^HFIT, H3Mepaio- 
mnx tokh CHHxpoHHoro reHepaTopa, eo- 
OTBeTCTByiomHe 3th (Jta3HBiM Hanpaac e- 
HHaM. YHHTBiBajiocB, hto BHyTpeHHee 
eonpOTHBjieHHe ^HFIT eoH3MepHMO e 
bxo^hbim eonpOTHBjieHHeM peryjiaTOpa 
HanpaaceHHa, a eonpOTHBjieHHe pe3H- 
CTOpa, Ha KOTOpBiii HarpyaceH TT, npeHe- 
dpeacHMO Maao. B cjicactbhh ototo npn 
BKJIIOHeHHH JSpLUT BO BXO^HyK) IfenB 
peryjiaTOpa HanpaaceHHa Hanpaacemie 
xoaocToro xo^a CHHxpoHHoro reHepaTO- 
pa B03paCTaeT H CTaHOBHTCa 3aBHCHMBIM 
OT HaCTOTBI. 

BBinojmeH dojiBmoii odueM Hcejie- 
^OBaHHH, B TOM HHCJie OKCnepHMeHTaJIB- 
hbix. Ha naTB jiynmnx pa3padoTOK nojiy- 
neHBi naTeHTBi Ha H3odpeTemia. CaMoe 
eoBepmeHHoe noejie^Hee H3odpeTeHHe 
no3BOJiHT paBHOMepHO paenpe^ejiaTB 
Meac^y chhxpohhbimh reHepaTOpaMH 
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peaKTHBHtie toxh, a Hanp^uxemie Ha 
niHHax raaBHoro pacnpeAejiHTejiBHO- 
ro iijHTa - noAAep)KHBaTB Ha 3aflaHHOM 
ypOBHe npH jho6oh odmen Harpy3Ke. 
BMeCTO OrpOMHBIX TpaHC(J)OpMaTOpOB 
Toxa npHMeHeHBi MHHHanopHBie ^HIIT, 
Xa)X£BIH H3 KOTOpBIX M05XH0 CnpflTaTB B 
pyxe. K coixajieHHK) ^aHHBie pa3pa6oTKH 
noxa He HaxcwiT jjojuxHoro HcnojiB30Ba- 
HH5I B PoCCHH, XOT5I 3XOHOMHA MaTepH- 
ajiOB h (j)HHaHCOBBix cpe^CTB b paMxax 
CTpaHBi 6Bma 6bi orpoMHon. 
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STABILITY OF A STAND WITH 
VARIABLE CROSS-SECTION AND 
ELASTIC MODULUS 

G.M. Sargsyan, Doctor of Technical sciences, 

Full Professor 
M.G. Sargsyan Engineer 
State Agrarian University of Armenia, Armenia 

Bridge, aqueduct piers and other constructions often have a 
variable cross-section, which increases the buckling danger of bickling 
resistance loss. Permanent hardness provision is offered along the 
length of pier by means of modulus elasticity materials change. 

Keywords: construction, modulus, cross-section, length, elasticity. 
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YCTOHHHBOCTB CTOHKH 
C nEPEMEHHbIM CEHEHHEM 

h MO^yjiEM ynpyrocTH 

CapKHCflH T.M., /f-p TexH. HayK, npotj). 

CapKncflH MX., HEUKeHep 

FocynapcTBeHHbin arpapHbin yHHBepcHTeT ApMemni, 
ApMeHna 

Moct, nnpct>i n apyrne KOHCTpyKitnu uacTO HMeiOT nepeMeHHoe ce- 
ueHne, hto yBejinuHBaeT onacHOCTt noTepn ycTOHHHBOCTu conpOTHBjie- 
hhh. OdecneueHne nocTOHHHon TBep^ocTH npe/piaraeTCJi no annHe nnpca 
nocpeacTBOM MO/tyjia H3MeHeHiw ynpyrocra MaTepnajiOB. 

KjnoHeBbie cjiOBa: CToiuca, KOHCTpyKitna, Moayjit ynpyrocTH, ce- 
neHne, Rmma. 

Y HaCTHHK KOH(J)epeHUHH, 
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OTKpbiToro EBponeiicKO-AsHaTCKoro nepBeHCTBa no HayuHon aHajinraKe 
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C TpoeHue CTeOjieu TpaB^HHcrax 
pacTeHHH HanoMHHaeT HH^ceHep- 
HBie KOHCTpyKifHH, nocTpoeHHbie no 
BceM npaBHjiaM CTponTejibHoro HCKyc- 
CTBa. floAoOHaa paijHOHajiBHaji «koh- 
CTpyKUH5t» 6buia AOCTHrayTa b TeneHne 
^jihtcjibhoh OBOjnoifHH nyTeM conpo- 
THBjieHna Hanopy BeTpa n no# B03£eii- 
CTBHCM COOCTBeHHOH MaCCBI. 

B paccMaTpHBaeMon pa6oTe ^ena- 
eTCn nonBiTKa npoeKTHpOBaHHfl ctohkh 
- npOTOTnna CTeOnen, y KOTOpon H3rn6- 
Haa 5KCCTKOCTB H3MCHJieTCJI nyTCM H3- 
MeHeHna MO^yjni ynpyrocTH no aahhc, 
npnneM ceneHne ctohkh mokct 6bitb 

nO CTOflHHBIM . 

TeopeTHnecKHe Hccne^OBamra no- 
Ka3BIBaiOT, HTO KpHTHHCCKaJI CHJia CTOH- 
KH c nepeMeHHBiM MO^yneM ynpyro- 
cTH 3HaHHTejiBHO OojiBine TaKOBOH no 
CpaBHCHHK) CO CTOHKOH nOCTOflHHOrO 
cencHHa c tcmh 5Ke reoMeTpHHecKHMH 
pa3MepaMH, HTO npHBO/fHT K 3KOHOMHH 
CTpoHTejiBHoro MaTepnana. 

B HeKOTOpBIX KOHCTpyKUH5IX (MO- 
CTBI, £BK>KepBI, aKBe^yKH) CeHeHHa CTO- 
eK, B 3aBHCHMOCTH OT HX OC06eHHOCTCH, 
nacTO ObmaiOT nepeMeHHBiMH, h, KaK 
npaBHjio, njioma/jB ceHemra (momcht 
HHepifHH ceneHHa) b BepxHeii nacra 
OojiBine, neM njioma^B HHmiero cene- 

HH5I CTOHKH, HTO yMCHBmaeT yCTOHHH- 
BOCTB KOHCTpyKIfHH. 

B 3THX yCJIOBHaX HBJIflCTCJI Ba)KHBIM 
noBBimeHHe AHHaMHHe ckoh ycTOHHHBO- 
CTH OTMeneHHBIX KOHCTpyKIfHH. 

B ^aHHOH CTaTBe flejiaeTCJi nonBiTKa 
oOecneHeHH^ nocTOflHHOH jkcctkocth 


ctohkh c nepeMeHHBiM nonepeHHBiH 
ceHeHneM no ee ajihhc. Ectcctbchho 
npeanojiaraTB, hto 3to bo3mo)kho nyTeM 
H3MeHeHHfl MO^yjia ynpyrocTH no ajih- 
He ctc6jm. TaKOH noflxo# pa3pa6oTaH 
Ha OCHOBaHHH H3yHeHH^ npHHIfHnOB 
CTpoemra CTeOjien HeKOTOpBix TpaB5i- 
hhctbix pacTeHHH (mnemma, copro, 
TpOCTHHK H £p.) KaK HH5KCHepHBIX KOH- 
CTpyKIfHH H HX MCXaHHHC CKHX CBOHCTB 

[2,4,5]. ^ajiBHenmne TeopeTHnecKHe 
HCCJie^OBaHH^ bbdibhjih npeHMyntecTBO 
AHHaMHHeCKHX CBOHCTB 3JICMCHTOB C 
nepeMeHHBiM MO^yjieM ynpyrocTH h 
nocTOUHHoro ceHemm no cpaBHeHHio 
c oueMeHTaMH c tcmh hk e pa3MepaMH c 
no cto^hhbim MOflyjieM ynpyrocTH [1,3]. 

C yneTOM ocoGchhoctch KOHCTpyK- 
ii,hh h xapaKTepa H3MeHeHH5i Mo^ymi 
ynpyrocTH mokho CTOHKy npoeKTHpo- 
BaTB TaKHM 06pa30M, HT06BI H3rH6Haa 
}KecTKOCTB no ee ^jihhc Obuia nocTOAH- 
hoh, OjiaroAapa neMy KOHCTpyKiina 6y- 
fle t 6ojiee 3(j)(j)eKTHBHOH. 

PacneTHaji cxeMa npe^CTaBjieHa Ha 

pHC.l. 

IIpHMeM, hto MO^yjiB ynpyrocTH Me- 
HfleTCfl 

E(x)=E 0 e l , (1) 

a momcht HHepn,HH nonepenHoro ce- 

HCHH^ 

l{x) = I 0 e~ 2 ~ l ■ (2) 

CneAOBaTejiBHO, H3rH6Haa hkqct- 
koctb Rim ceHeHna x 6y^eT: 



EJ ti 


Phc. 1. PacneTHan cxeMa ctohkh. 

E(x)l(x) = D(x) = D 0 = E 0 I 0 

^CeCTKOCTB CTOHKH Ha CBo6o#HOM 

Kornte paBeH E 0 I 0 . 

H3MeHeHHe coOcTBeHHoro Beca npn- 
mcm: 

q(x) = jx (3) 

B 3tom cjiynae BenHHHHa MOAyna 
ynpyrocTH Ha Komiax ctohkh 6y^eT 
x = 0, E(0) = E 0 h x = l, E(l)=E 0 l 2 , 

a BeJIHHHHa MOMeHTOB HHepifHH Ha KOH- 
ifax cooTBeTCTBeHHO 6y^eT: 

7(0)= 7 0 « l(l) = I 0 e~ 2 - 

Cne^OBaTenBHO, H3rn6Ha3i >KecT- 
koctb ctohkh no Been ee ^jiHHe 6y#eT 

nOCTO^HHOH: 
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2x 2x 

E(x) l{x) = E 0 e 1 I 0 e ' =E 0 I 0 =D 0 - 
const . (4) 

^H(j)(|)epeHijHajii>Hoe ypaBHeHne 

H3orHyTon och 6y^eT hmctb bh#: 

D o y"(x ) = 7] 4[r](4)- y[x)}J4 (5) 

/ 0 

Ilocjie £H(]3(j)epeHipipOBaHHu, nony- 
hhm: 


A) y'"{x)+j J x 2 y'(x) = 0 (6) 

YuHTBIBaU H3BeCTHyiO 3aBHCHMOCTB 
MQHKffy nporn6oM h yruoM nporn6a 
y'(x) = a(x), me a {x) - yroji H3rH6a 

OCH CTOHKH, nOJiyHHMI 

D 0 a”(x)+ ~j x2 a{x) = 0 (J) 

0603HaHHB b = H3 (7), nojiyHHM: 
2 D 0 l 

a\x)+bx 2 a(x) = 0 (8) 

,Z],H(j)(j)epeHijHajiBHoe ypaBHeHne H3- 
MeHeHH^ yrna H3orHyTOH och moucho 
HHT erpHpOBaTB C nOMOIHBIO nHJlHH^pH- 
HeCKOH (JjyHKIJHH. 

J\jm Harnero cuynau OHa 6y#eT: 


M(x)=-D 0 y”(x)-D 0 a'(x ) (12) 


npe^BapHTejiBHO onpe^euHM bcjih- 
HHHy a'(x) H3 (9): 


D 0 a'(x)= -y[b x 3//2 




rto^CTaBji^ BBipa^ceHHe (13) b 
(12) h HcnojiB3ya nepBoe rpaHHHHoe 
ycnoBHe, nojiynHM (x = 0,M(o) = 0) h 
Q = 0. 

,3,nu onpe£eueHHu bcjihhhhbi C 2 
BOcnojiB3yeMC5i ypaBHeHHeM (11). IIoa- 
CTaBuuu x = l , a(l) = 0 , h C x = 0 , nony- 
hhm: 

c 2 i_ M , x -4bi 2 = o. 


rioCKOJIBKy C 2 * 0 , cne^OBarejiBHO, 


/_ 1/4 |V^/ 2 =0 (14) 


BBipa5KeHHe (14) #aeT B03M05K- 
HOCTB OnpefleJIHTB BeJIHHHHy KpH- 
THHeCKOH CHJIBI. peHieHHU 3TOTO 

ypaBHeHHH nouB3yeMcu Ta6umjaMH 
pu/ja Eecceuu h ^uu Harnero cuynau 
nojiynaeM: 


v - 


J. . 
4’ 



-Jbl 2 = 2,0063 (15) 

2 


Cne^OBaTejiBHO, nocne HHTerpHpo- 
BaHnu, nojiynHM: 

a(x) = x 1 / 2 [Cj I v (?) + C 2 I_ V (/)] , 

KOTOpoe no cue no^CTaHOBKH Beun- 
HHH v H t - npHMeT BH£I 

a(x)=x 1/2 [c 1 l y t (4bx 2 )+C 2 l _ 1/4 (V*X 2 )] (9) 

3#ecB Q h C 2 - nocTOUHHBie HHTer- 
pHpOBaHHU nO^CHHTBIBaiOTCU H3 KOHCH- 
HBIX yCUOBHH 3a#aHH. 

1 . Kor^a x = 0 , M(o) = 0,2. Kor^a 
x = I, a(l) = 0 • (10) 

rioucTaBuuu BTOpoe ycuoBHe b (9), 
nouyuHM: 

a(l) = / 1/: 2 [c, Iy A [4b l 2 )+ C 2 /_ 1/4 (4b l 2 )]= 0 ( 1 1) 

^uu ncnouB30BaHHu nepBoro ycuo- 
bhu cnepBa onpe^euHM BeununHy m ( x ) 


JJji u paccMaTpHBaeMoro cuynau H3 

(7) nouynaeM b = - • 

2 D 0 l 

HcnouB3yu BeununHy b m (15), 
onpe^eunM: 

b _ q _ 16,101 

2 D 0 r / 4 

Cue^OBaTeuBHO, 

, \ 32,2 Z) n 3,26ft 2 D n 

W0kp= — ^ « y 2 

CpaBHHBaU 3Ty BeUHHHHy C KpHTH- 
neCKOH CHUOH CTOHKH C nOCTOUHHBIM 
ceneHneM h MO^yueM ynpyrocTH [6], 
nouynaeM noBBimeHHe ycTOHHHBOCTH 
okouo 4 pa3. 

TaKHM o6pa30M, BeUHHHHy KpHTH- 
neCKOH CHUBI CTOHKH C nepeMCHHBIM MO- 
MeHTOM HHepH,HH CCHCHHU M05KHO nOBBI- 
chtb nyTeM h3mchchhu onpe^eucHHOH 
3aKOHOMepHOCTBIO BCUHHHHBI MO^yUU 
ynpyrocTH no ee unnHe. 
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ON THE USE OF THE INVENTOR 
GRAPHIC PACKAGE IN THE SPATIAL 
THINKING DEVELOPMENT 

G.G. Gubareva, Senior Lecturer 
J.O. Shkurpela, Lecturer 

Kharkiv National Automobile and Highway University, 
Ukraine 

The author considers a possibility to use the Inventor graphic 
package for the development of students’ spatial imagination. The 
spatial thinking is a primacy of any engineering science. Studying the 
capabilities of the first-year students, we see the possibility to develop 
thinking with of help of the graphic package. 

Keywords: graphic package, spatial imagination, thinking, 
Inventor. 

Conference participants, 

National Research Analytics Championship 


O nPHMEHEHHH TPAOHUECKOTO 
nAKETA INVENTOR B PA3BHTHH 
nPOCTPAHCTBEHHOrO MblUIJIEHHR 

TydapeBa T . T ., ct. npeno^aBarejiB 
IIlKypnena KD.O., npeno/jaBaTejiB 
XapBKOBCKHH HaiI,HOHaJIBHBIH aBT0M06HJIBH0-fl0p05KHBIH 
yHHBepCHTeT, YKpaHHa 

B CTaTte paccMarpHBaiOTCfl bo3mo)khocth npHMeHeHiw rpa^n- 
necKoro naiceTa Inventor jura pasBHTUH npocTpaHCTBeHHoro Boodpa- 
^ceHHH CTyzi,eHTOB . IIpocTpaHCTBeHHoe MBimjieHne - Jiiodon HH>KeHep- 
hoh. H3ynaa cnoeodHOCTH CTyzteHTOB 1-ro Kypca, mbi bhjjhm nepcneic- 
THBy b npHMeHeHHH rpa^tnue ckhx naiceTOB. 

KjuoueBbie cjiOBa: rpa^nuecKHn naKeT, npocTpaHCTBemtoe bo- 
odpa^ceHne, MBimjieHne, Inventor. 

YnacTHHKH KomJiepeHUHH, 

HaunoHajibHoro nepBeHCTBa no HayiHOii aHannTHKe 


http://dx.doi.org/! 0. 1 8007/gisap:tsca.v0i9. 1437 


H 3BecTHO, hto HanepTarejiBHafl reo- 
MeTpmi h HepueHHe - nepBBie Tex- 
HHHeCKHe ^HCUHnjlHHBI, C KOTOpBIMH 
BCTpeuaeTCJi CTyzjeHT-nepBOKypcHHK, 
nocTaBHBmHH cede ijejiB CTaTB mrae- 
HepOM. Ho (3a pe^KHM HCKJIIOHeHHeM) 
mKOJiBi He odyuaiOT nepneHHio, a ecnH 
3Ta flHCItHnjIHHa H BXO^HT B odlltHH odB- 
eM hikojibhoh nporpaMMBi, to yneHHKaM 
npeno^aiOT ee xax ot^cjibhbih npe^MeT, 
He nBiTaacB £a}Ke yxa3aTB CB5I3B c Ma- 
TeMaTHKOH, B HaCTHOCTH C reOMeTpHCH, 
CTepeoMeTpHeii. Hx He ynar odpa3HO 
MBICJIHTB, He pa3BHBaiOT npocTpaH- 
CTBeHHoe npeACTaBjieHHe od roodpa- 
}jceHHBix npe^MeTax. OTCio^a y hikojib- 
hhkob, a 3areM h y CTyzjeHTOB B03HHKaeT 
(JiopMajiBHoe MBimneHHe. HanpHMep, He 
noHHMaa, hto noBepxHOCTH b npoitecce 
npoeitnpOBaHHa MoryT npeodpa5KaTB- 
C a B JIHHHH, OHH He BOCnpHHHMaiOT HX 
Ha uepTe5Kax xax noBepxHOCTH. Ohh He 
HyBCTByiOT TOH CMBICJIOBOH Harpy3KH, 
KOTOpyio HecyT jihhhh nepTe^a. 

Mbi CTOJiKHyjiHCB c TeM, hto H3ynafl 
npoeKitHOHHoe nepneHne, BnepaniHHH 
yueHHK nocne cneipiajiBHOH no^roTOB- 


KH H odBflCHeHHH eilje M05KeT nOHHTB 
nocTpoeHHe Tpex npoeKijHH reoMeTpn- 
uecKoro Tena, npe/jCTaBjuiiomero o^Hy 
npocTyio (JiopMy (uhjihh^p, nnpaMHjta, 
npH3Ma H T.fl.). ECJIH 5Ke CTaBHTCa 3a- 
jtaua onpe^enHTB npojryKT B3aHMHoro 
nepeceueHHa £Byx hjih Tpex reoMeTpH- 
HeCKHX (|)OpM, TO KaK npaBHJIO, B03HHKa- 
eT dojiBHiaa npodneMa. 

CymecTByeT MHO>KecTBO mcto^hk 
no pa3BHTHK> npocTpaHCTBeHHoro MBim- 
jichhji. Ka^an H3 hhx paccMaTpnBaeT 
tot hjih hhoh acneKT, pa3BHBaa onpe- 
AejieHHBiMH npneMaMH enoeodHOCTH k 
B oenpHOTHio reoMeTpHnecKHx odpa30B. 
Ho b By3ax HeT BpeMeHH (n^eT nocTOUH- 
Hoe coKpamemie naeoB) Ha TpeHHpoBKH. 
PadoTaTB )Ke c yneHHKaMH, ^cejiaiomnMH 
nocTynaTB b TexHHuecKHe By3Bi Hajto 
HMeHHO b niKOJiax, xot a dBi b njiaHe c|)a- 
KyjiBT aTHBa . noTOMy hto adnTypneHTBi, 
CTaBmne CTyzjeHTaMH, HacTOJiBKO cjiado 
no^roTOBjieHBi, hto He MoryT nojtuac 
BcnoMHHTB npH3HaK napajuiejiBHOCTH 
njiocKOCTeii. 

KoHeuHO, npn odynemiH TpedyeTCn 
HajiHune Taxoro Ba^Heiimero nejiOBene- 


CKoro KanecTBa ok BHHMaHne. 0 /jHaKO 
jiayKQ ecjiH hcxo^htb H 3 Toro, hto ay- 
^HTOpHA BHHMaTeJIBHa, CKOHIteHTpHpO- 
BaHa, h cocpe^OToneHa Ha Bocnpmrme 
HHiJiopMaitHH, mbi He M 05 KeM rapaHTH- 
pOBaTB KanecTBeHHoe ycBoeHne MarepH- 
ajia. OnBiT npeno/jaBaHmi noKa 3 BmaeT, 
hto MHorne CTyzjeHTBi mbicjiht KOHKpeT- 
ho, a noaTOMy hx Ha/jo odyHHTb npo- 
CTpaHCTBeHHOMy MBiHuieHHio, cneijH- 
(jinxe nocTpoemra H 3 odpa)KeHHH npe#- 
MeTa Ha njiocKOCTH. HaynHTB bh^ctb b 
njiocKOM nepTe^e npocTpaHCTBeHHyio 
(jiopMy, h HaodopOT, HayuHTB bbihojihhtb 
njiocKHH uepTejK npejtMeTa, ncxojra H 3 
ero npocTpaHCTBeHHoii (jiopMBi. A fljia 
3 Toro HeodxojtHMO npejtJiaraTB CTyjteH- 
TaM MHO)KecTBO pa 3 Hoodpa 3 HBix 3 a^an, 
CTHMyjiHpyiditHx odpa 3 Hoe MBimjieHne. 

npHMar npocTpaHCTBeHHoro MBim- 
JieHHH - 3TO C03^aHHe MBICJieHHBIX odpa- 
30 b. Ho He Ka)K^BiH ynamHHca cnocodeH 
k 3T0My ot npHpo^Bi. Heodxo^HMO Ha- 
yuHTB ero nepexo^uTB ot 3pHTejiBHoro 
odpa3a k KOHKpeTHOMy H3odpa^ceHHio. 
Bh^ctb npocTpaHCTBeHHyio (jiopMy o^- 
HOBpeMeHHO c pa3HBix paxypcoB. H co- 
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BpeMeHHbie TexHOJiorHH, xoMnBioTepHan 
rpacjmxa AaeT bo3mo)xhoctb chctcmho 
(J)O pMHpOBaTb 3pHTeJIBHbie o6pa3BI. 

J\jik pa3BHTHa npocTpaHCTBeHHoro 
MBiniJieHHa MBI n0JIB30BaJIHCB TaXHMH 

mohjhbimh annaparaMH xax rpa(j)HHe- 
CKHe naxeTBi AutoCAD h Autodesk 
Inventor (jmpMBi Autodesk. C hx noMO- 
U \ bK ) M05KH0 MHOrOKpaTHO H C pa3HBIX 
Tonex 3peHna paccMaTpHBaTB BceB03- 
M05KHBie reoMeTpHuecKne MO^ejin, npn- 
Memra n BapBHpya npocTpaHCTBeHHBie 
(J)opMBi h hx B3aHMHoe paenoji05xeHHe. 
OcodeHHO y^auHO npHHHMajracB aHHMa- 
u,HOHHBie (jjaiijiBi c noaTanHOH agmoh- 
CTpai^Heii npoeKi^HOHHoro MeTO^a (Phc. 
1-8). Ha 3thx pHcymcax noxaApOBO h 
nocne^OBaTejiBHO noKa3aH npoijecc B3a- 
HMHoro paenojioxeHmi h nepecenemui 
noBepxHOCTeH. 

AdcTpaxTHaa 3a^aua ynpoinajiacB. 
YnamHecji aAexBArao BoenpHHHMajiH 
noBepxHOCTH no otacjibhocth, aHa- 
jih3 np o BanH hx paenojioxeHHe b npo- 
CTpaHCTBe, Moran MeH^TB no CBoeMy 
}jcejiaHHK> no3HH,HH AeTanen othoch- 
TejiBHO Apyr Apyra. TaxHM o6pa30M, mbi 
odoraTHjiH ncxoAHyto TpeHHpOBOHHyio 
6a3y, HayunjiH cjjopMHpOBaTB npocTpaH- 
CTBeHHBie o6pa3BI H MBICJIHTB B CHCTCMe 
3THX o6pa30B. 

KoHeuHO, caMOomymeHHe npo- 
CTpaHCTBeHHoro o6pa3a nponexoAHT He 
cpa3y. CHanana ({)0pMHpyeTca 3pHTejiB- 
HBIH o6pa3, 3aTeM OH flOJDKeH TpaHC- 
(JjOpMHpOBaTBCH B njIOCKHH HepTOX. Ha 
^eMOHCTpnpyeMBix (fianjiax CTyaeHT 
MO)KeT yBH^eTB, xax BepxHee h HH5XHee 
ocHOBaHH^ xoHyca npeodpajxaiOTca b 
OT pe3XH np^MBIX Ha (J)pOHTaJIBHOH nuo- 
CXOCTH npOeXIJHH. HjIJIIOCTpai^HIO 3TOrO 
npoijecca mbi xoMMeHTHpyeM, HanoMH- 
Han o pacnono)xeHHH npoeiiHpyiomHx 
jiynen. nocne Taxnx noncHeHHH ynamn- 
een noHHMaiOT pe3yjiBTaT npeo6pa30Ba- 
hhh, aHajiH3Hpya BH3y ajiBHyio HHcjjop- 


Man,Hio. Ohh jierxo nporH03HpyiOT reo- 
MeTpHuecxyio (jiopMy othx ocHOBaHHH 
Ha ropH30HTajiBHOH h npo^)HjiBHOH npo- 
exijmix. Paccyjx^aa hoao6hbim o6pa- 
30M, MBI XOMMeHTHpyeM H AGMOHCTpH- 
pyeM B3aHMHoe paenojioxeHHe Apyrnx 
noBepxHOCTeii. 

Pa3BHBan npocTpaHCTBeHHoe mbihi- 
jieHne, mbi pa3BHBaeM ncHxojiorHnecxoe 
o6pa30BaHHe, eymecTByiomee b yna- 
meMcn, ho ao onpeAejieHHoro MOMeHTa 
He axTHBH3HpoBaHHoe. npeAJiaraa pa3- 
JIHHHBie 3aAaHH nO XOHCTpyHpOBaHHIO 
noBepxHOCTeii, noAxpenjura AeflTejiB- 
hoctb CTya,eHTa b 3tom HanpaBjieHHH ho- 
BBIMH TeXHOJIOm^MH, MBI, 6e3yCJIOBHO, 

ycxopaeM npoijecc pa3BHTHn. nocne bh- 
3yajiBHoro BoenpHirran npocTpaHCTBeH- 
hbix (j)opM npeAJiaraeTca mbicjichho co 3- 
AaBaTB HOBBie reoMeTpHnecxne o6pa3Bi, 
a 3aTeM H3o6pa)xaTB hx Ha nepToxe. 

C noMOiijBio Taxoro HanmAHoro 
MaTepnajia mbi (JjopMHpyeM b dyAymeM 
eneAHajiHCTe enoeodHOCTB TBOpnecxH 
mbicjihtb, pa3BHBaeM ero Boodpa)xeHHe. 
A 3to HeodxoAHMO npn npo(J)eccHO- 
HajiBHoii noAroTOBxe mnxeHepa. 
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